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EXECUTIVE SUMMARY

This report presents the results of the Round Two Remedial Investigation (RI) completed for Sites 1
(Dudley Road Landfill) and 3 (Group 16 Magazines Landfill) at the U.S. Naval Weapons Station
Yorktown (WPNSTA Yorktown), Yorktown, Virginia. This RI Report has been prepared by Baker
Environmental, Inc. (Baker) under the Department of the Navy's (DoN's) Comprehensive
Long-Term Environmental Action Navy (CLEAN) contract administered by the Naval Facilities
Engineering Command, Atlantic Division (LANTDIV).

The objectives of this RI are: (1) to conduct a Round Two remedial investigation based on the results
of the Round One RI; (2) to assess the nature and extent of contamination at each site and/or to
address data gaps observed after the Round One RI preventing an adequate understanding of site
conditions; and (3) to assess potential human health and ecological risks associated with any

contamination at Sites 1 or 3 and identify any potential remaining data gaps.

Site 1 is a 6-acre area located just north of the headwaters of Indian Field Creek. The landfill was
in use from approximately 1965 to 1979 for general disposal, with one area reportedly used for
disposal of plastic lens grinding waste until 1983. The site was originally used for sand mining.
There are two unfilled sand borrow pits at the site. One is located within the eastern portion of the
site quadrant and is vegetated with loblolly pine. The second unfilled borrow pit is within the
southwest portion of the site and accumulates surface water run off. The water within this unfilled
borrow pit fluctuates greatly throughout the year from a few inches to approximately 2-feet deep.
The water level of the pond fluctuates greatly. Seasonal ponding also occurs in the southeastern
section of the site. Wastes reportedly disposed within the depression created by sand mining include
asbestos insulation from steam piping; oil, grease, paint, and solvent containers; nitramine-
contaminated carbon; household appliances; scrap metal banding; construction rubble; plastic lens
grinding wastes; tree limbs; lumber; packaging wastes; electrical wires; and waste oil. The landfill
received an estimated 255 tons of waste during the time in which the site was in use. The landfill
is covered by approximately two feet of soil and the abandoned sand reclamation area is covered by

8 feet of soil (Final Master Project Plans, Baker, 1994a).

On January 12, 1979 the VADEQ performed an inspection of the site. The landfill did not meet the
requirements for a permitted landfill by the Virginia Department of Health governing the disposal
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of solid waste. The deficiencies were corrected and the landfill received approved waste until 1985
when the facility was closed. Another inspection conducted of the closed disposal facility on
August 29, 1995 (by VADEQ), found deficiencies (subsidence and ponding water) within the
landfill cover. The statién replied that this noncompliance item will be addressed under the IR

program.

Site 3 is a 2-acre area located behind the Group 16 Magazines, just south of Site 1 (separated from
Site 1 by a ravine), along the headwaters of Indian Field Creek. The landfill is named for its
proximity to the Group 16 Magazines. The history of this landfill is unrelated to operations at the
magazines. The landfill area was reportedly in use from 1940 to 1970. The site was originally used
for sand mining. Wastes that were disposed within the depression (unfilled sand borrow pit) created
by sand mining include solvents, sludge from boiler cleaning operations, grease trap wastes, Imhoff
tank skimmings containing oil and grease, and animal carcasses. This landfill received an estimated
90 tons of waste during the time in which the site was in use. Currently, most of the site, which is
overgrown with trees, is covered by approximately two feet of soil with some scattered surface

debris (Final Master Project Plans, Baker, 1994a).

Previous investigation reports completed through the IRP at WPNSTA Yorktown include the

following:

® Initial Assessment Study (IAS) (C. C. Johnson & Associates, Inc. and CH2M Hill,
1984)

° Confirmation Study Rounds One and Two Reports (Dames and Moore, 1986 and
Dames and Moore, 1988)

L RI Interim Report (Versar, 1991)
] Focused Biological Sampling and Preliminary Risk Evaluation Report (Baker,
1993b)

° Round One RI Report (Baker/Weston, 1993a)
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° Habitat Evaluation Report (Baker, 1994b)

Additionally, a confirmation sample from one groundwater monitoring well was collected on
July 12, 1995 (Baker) and analyzed to confirm results from the Round One RI report. These reports

have been generated in conjunction with the continuing development of the DoD IRP.

' STUDY AREA INVESTIGATION

The Round Two field program at Sites 1 and 3 was designed to provide information necessary to
characterize potential human health effects and ecological impacts resulting from previous site

activities.

Data gathered during the Round One Rl indicated potential groundwater contamination within the
area of monitoring well IGW12 at Site 1 and in subsurface soil and groundwater at Site 3. However,
the extent of potential contamination could not be defined. In addition, soil samples were collected
from the 0- to 2-foot interval, which is no longer consistent with 0- to 6-inch soil samples used in
human health risk assessments. Therefore, the field program conducted at Sites 1 and 3 under this
investigation was designed to further evaluate the extent of contamination in surface soil, subsurface
soil, groundwater, surface water, sediment, and biota to provide data for human health and
ecological risk assessments. Included in these objectives is to define the vertical extent of the buried

debris at the landfill areas at both sites.

The field investigation at Sites 1 and 3 commenced in late January 1996 and continued until the mid
February 1996. Groundwater monitoring wells were installed, test pits were excavated, and surface
soil, subsurface soil, and groundwater samples were collected. Surface water, sediment, and biota

samples were also collected within Indian Field Creek.
Site 3 Confirmation Sampling

On August 26, 1996, six soil samples were collected to confirm the elevated SVOC concentrations
detected in surface soil sample 3SS10 as shown on Figure 2-1. Five (3SS10A, 3SS10C through
3SS10F) of the samples were collected at the approximate location of 3SS10 at a spacing of 15 feet.
One sample (3SB10B) was collected at the 3SS10A location at a depth of 1.5 - 2.0 ft. bgs.
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All six of the samples were analyzed for TCL semivolatile organics.

NATURE OF CONTAMINATION

Site 1 Analytical Results

Surface Soil Investigation Results

The results of the Round One RI were used to select sampling locations for the Round Two RI. In
general, the results of the Round Two surface soil investigation at Site 1 were consistent with the

Round One results.

Generally, low concentrations of semivolatile organic compounds (SVOCs), mainly polynuclear
aromatic hydrocarbons (PAHs) were detected within twelve of the twenty-one surface soil samples

(including duplicates) collected at Site 1.

Low concentrations of the pesticide compounds dieldrin, 4-4-dephenyltrichloroethane (4,4-DDT),
alpha-chlordane, and gamma-chlordane were detected at within one sample (1GW19-00) and low
levels of aroclor-1260 was detected in 1GW18-00. Nitramine compounds were not detected in any

surface soil samples.

Fifteen of 20 inorganics were detected in surface soil samples. Mercury, silver, thallium, and

cyanide were not detected in the sample set.

Two inorganic compounds (arsenic and lead) were detected at levels exceeding station wide
background concentrations. Arsenic was detected in the sample 1SB12A-00 at a concentration of
92.5 mg/kg and lead was detected at a concentration of 62.3 mg/kg in the sample 1SB19-00. The
most prevalent chemical of potential concern (COPCs) detected within the sample set are arsenic,

beryllium, and iron. Detections of aluminum were less frequent.
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Subsurface Soil Investigation Results

Subsurface soil samples collected at soil boring and test pit locations.

No VOCs were detected in the subsurface soils. Low concentrations of SVOCs were detected at two

locations (1GW12 and 1GW18) within the western portion of the site.

Six pesticide compounds were detected within one sample (1GW19-01;1-to 3-ft bgs) at relatively
low concentrations. Similar compounds and concentrations were detected in the surficial soil
sample collected at this location. In addition, one polychlorinated biphenyl (PCB) compound
(aroclor-1260) was detected at low concentrations at the same location but at a greater depth (3- to

5-ft bgs). This same PCB compound was detected at low concentrations at 1GW20 (1- to 3-ft bgs).

Nitramines were not detected in the subsurface soil samples.

Sixteen of 20 inorganics were detected within the subsurface soil samples, mercury, silver, thallium

and cyanides were not detected in the sample set.

The inorganic analytes above station-wide background levels were identified at two locations.
Cadmium was detected at low levels (background concentrations were nondetect) at locations
1SB12A and 1SB19. Additional inorganics detected above background concentrations include
arsenic at 1SB12 (126 mg/kg; 1- to 3- ft. bgs) and lead at 1SB19 (57.4 mg/kg; 1- to 3- ft. bgs). The
most prevalent COPCs detected were arsenic, beryllium, and iron. Detections of aluminum,

antimony, and manganese were less frequent.

Four test pits were excavated within the suspected landfill area. The test pits were excavated to
depths of 4.5- to 8-feet bgs when the natural soil horizon was determined. Test pit 1TP01 was
excavated north of the dirt access road. The soil in this area was determined to be natural therefore,
the landfill does not extend north of the road at this location. Through the excavation of remaining
test pits it was determined that there was approximately 6- to 7-feet of fill material covering the
landfill. The fill material consisted of sandy soil with a mixture of debris (concrete, scrap metal,
styrofoam, wood, rail road ties, and tree limbs) In addition, a 6- to 8-inch layer of white lenses

grinding dust was encountered at approximately 3-feet bgs within 1TP04.
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Groundwater Investigation Results

Shallow groundwater

Volatile organic compounds (VOCs), SVOCs, and nitramines were detected in seven of the eleven

shallow groundwater samples collected at Site 1.

Three of the monitoring wells (1IGW12, 1GW19, and 1GW20) had concentrations of
1,2-dichloroethene and trichloroethene. The highest concentration of trichloroethene (190 pg/L)
detected in 1IGW20 exceeded the Federal maximum contaminant levels (MCLs) and the Virginia
MCLs. This monitoring well was located in an area adjacent to where metal drums were found at
the surface during a site visit in March, 1995. The concentrations of trichloroethene (64 pg/L) and
1,2-dichloroethene (40 pg/L) detected at IGW12 were attributed to blank contamination by the
validator. Previous sampling of this monitoring well during the Round One RI indicated elevated
concentrations of trichloroethene (TCE) (18,000 pg/L) and 1,2-dichloroethene (1,2-DCE) (1,000 J
pg/L). In July, 1995 the monitoring well was sampled to confirm the Round One results and
concentrations of TCE (3,900 pg/L) and cis-1,2-DCE (520 pg/L) were detected.

Low concentrations of pentachlorophenol and nitrobenzene were detected in four of the samples

collected.

Relatively low concentrations of total inorganics were detected in the shallow groundwater samples.
Thirteen of 20 inorganics were detected within the sample set. Antimony, beryllium, mercury,
nickel, silver, thallium and cyanide were not detected. Only four samples exceeded station wide
background levels for at least one of the following analytes: cadmium, iron, manganese and zinc.
Only cadmium exceeded the Federal MCLs at a concentration of 8.6 pg/L. at IGW12. Arsenic, iron,

and manganese were the prevalent COPCs detected.

Twelve of 20 dissolved inorganics were detected in the sample set. Antimony, beryllium,

chromium, mercury, selenium, silver, thallium, and cyanide were not detected.
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Concentrations of dissolved inorganics exceeded Station-wide background levels in at least one of
the following analytes: aluminum, barium, cadmium, cobalt, copper, iron, lead, manganese, nickel,

and zinc. Only cadmium exceeded the Federal MCLs at a concentration of 9.0 pg/L at IGW12.

The difference in concentrations of TCE and 1,2-DCE at monitoring well 1GW12 between the
Round One and Two sampling events may be explained by the following paragraph. The Round one
data (July, 1992) indicated the presence of TCE and 1, 2-DCE within monitoring well 1GW12 at
concentrations of 18,000 pg/L and 1,000 pg/L, respectively. Prior to the development site-specific
work plans the well was resampled (July 1995) to confirm the Round One data. The concentrations
of TCE and 1,2-DCE were significantly lower at 3,900 pg/L and 520 pg/L, respectively. Monitoring
well 1IGW12 was resampled during the Round Two RI (February, 1996) using low-flow techniques
to minimize the agitation in the well, preventing volatilization and the entrainment of fine particulate
matter in the sample matrix. TCE and 1,2-DCE were detected at concentrations of 64B pg/L and
40J pg/L, respectively. In addition, a shallow monitoring well (1GW19) upgradient of IGW12 had
detectable concentrations of TCE at 4] pg/L and the downgradient well IGW20 had concentrations
of TCE at 190 pg/L and 1,2-DCE at 52 pg/L. These concentrations support the Round Two results
at well IGW12. In addition, two deeper monitoring wells installed within the lower Cornwallis
Cave/Yorktown-Eastover aquifer showed TCE concentrations of 360 pg/L (1IGW12B at
approximately 30 to 50 ft. bgs) and 46B pg/L (1GW12A at approximately 50 to 65 ft. bgs). The July
and Round Two data for well 1IGW12 indicate significant attenuation of TCE and 1,2-DCE in
shallow groundwater. A possible explanation for the attenuation of TCE and 1,2-DCE may be the
groundwater flow velocity and the proximity of well 1IGW12 to a ravine located directly
downgradient. The shallow groundwater flow velocity is approximately 1.2 feet per day toward the
direction of the ravine. The higher concentrations of TCE detected during the Round One RI may
have migrated toward the ravine emanating with the groundwater along the steep slope (damp to wet
surface soil conditions were observed in this area during the Round Two field investigation). The
horizontal component of contamination migration is likely more significant than the vertical
component because the Round Two data did not indicate significant TCE contamination at depth.
In addition, any vertical migration of TCE may have traveled through a breach in the Cornwallis

Cave Confining unit that was eroded through the formation of the ravine.
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Deep groundwater

VOCs, and SVOCs were detected in three of the six deep groundwater samples (incuding duplicates)
collected at Site 1.

Three of the monitoring wells (IGW12A, 1GWI12B, and 1GW21) had concentrations of
trichloroethene. The highest concentration of trichloroethene (360 pg/L) detected in 1GW12B
exceeded both the Federal MCLs and the Virginia MCLs. This well was located near an area where
TCE was detected in the shallow groundwater (1GW20 at 190 pg/L)). The concentrations of
trichloroethene (46 pg/L) detected at IGW12A were attributed to blank contamination by the

validator. Low concentrations of SVOCs were detected in at three of the six deep monitoring wells.

Fifteen of 20 inorganics were detected at relatively low concentrations. Antimony, mercury, silver,

thallium, and cyanide were not detected.

Relatively low concentrations of total inorganics were detected the deep groundwater samples. Only
one sample (IGW13A-01 and the duplicate) exceeded station wide background levels for the
following analytes: aluminum, barium, cadmium, chromium, copper, iron, lead, manganese,
nickel, vanadium and zinc. Only chromium exceeded the Federal MCLs at a concentration of

154 pg/l. at 1IGW13A.

Low concentrations of eight dissolved inorganics were detected the deep groundwater samples.
Only two samples (11GW11AF-01 and IGW21F-01) exceeded station wide background levels for
lead at concentrations of 0.86 pg/L and 2.4 pg/l, respectively. Federal or state of Virginia
groundwater criteria was not exceeded by of the sample concentrations.

Surface Water, Sediment, and Biota Investigation

Surface Water Investigation Results

Three surface water samples were collected from the Indian Field Creek sampling locations.

Locations 1SW13 and 1SW14 were dry therefore samples could not be collected.

ES-8



P,

No VOCs, SVOCs, pesticides/PCBs or nitramines were detected in the samples.

Aluminum, barium, cadmium, copper, iron, lead, manganese, vanadium and zinc were detected at
relatively low concentrations within the sample set. Only the concentrations of cadmium and copper

exceeded Station-wide background levels.

Sediment Investigation Results

VOCs, SVOCs, pesticides/PCBs and nitramines were not detected in any of the sediment samples

collected at five locations at Site 1.

Thirteen of 20 inorganics were detected in the sediment samples. Antimony, beryllium, cobalt,

mercury, silver, thallium and cyanide were not detected within the sample set.

Arsenic, cadmium and lead exceeded Station-wide background levels in three of the samples

(1SD15-01, 1SD16-01D, and 1SD16-02).

Biota Investigation Results

The biota investigation for the Round Two investigation included benthic macroinvertebrate
sampling and fish population sampling. These results are presented in Ecological Risk Assessment

section.

Site 3 Investigative Results

Surface Soil Investigation Results

Low concentrations of SVOCs, mainly PAHs were detected within one (3SB08A-00) of the sixteen
surface soil samples collected at Site 3. A second sample 3SS10 had detections of similar PAHs but
at elevated concentrations. In addition, low concentrations of pesticides were detected in the same

samples. Sample 3SS11 had low concentrations (31 pg/kg) of the PCB aroclor-1260. Nitramine

compounds were not detected in any surface soil samples.
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Nineteen of 20 inorganics were detected in the surface soil samples. Only silver was not detected

within the sample set.

Inorganic concentrations exceeded station-wide background levels in nine of the samples for at least
one or more of the following analytes: antimony, barium, beryllium, chromium, iron, lead,
manganese, mercury, nickel, selenium, thallium, vanadium, zinc, and cyanide. The most prevalent

COPCs detected were arsenic, beryllium, and iron.

Confirmation Surface Soil Results

On August 26, 1996, five confirmatory surface (0- to 6-inches) and one subsurface (18- to 24-inches)
soil samples were collected around the 3SS10 sample location as presented on Figure 4-1A. The
samples were analyzed for SVOC. Further inspection of the sample locations showed a “tar-like”
substance within the surficial soil (0- to 6-inches). The analytical results showed similar PAH
compounds but at greatly reduced concentrations except in Sample 3SS10C which had similar (but
slightly reduced) concentrations as 3SS10.

Subsurface Soil Investigation Results

Subsurface soil samples were collected at soil boring and test pit locations.

Two VOCs (1,2-dichloroethene and ethylbenzene) were detected in two samples (3TP02 and
3TPO2D).

Relatively low concentrations of SVOCs were detected in three of the samples (3SB15-12, 3TP02,
and 3TP02D). In addition, low concentrations of pesticides were detected in 3SB15A-12.

Nitramines were not detected in the subsurface soil samples

Nineteen of 20 inorganics were detected in the subsurface soil samples. Only silver was not detected

within the sample set.
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The inorganic analytes chromium, iron, mercury, selenium, and vanadium were detected slightly
above station-wide background levels at four locations (3SB08A, 3SB19A, 3TP01, and 3TP02).

Arsenic, beryllium and iron were the most prevalent COPCs detected.

The test pits were excavated to depths of 4- to 10-feet bgs when the natural soil horizon was
determined. The subsurface soil at test pits 3TP01, 3TP03 and 3TP04 was determined to be natural
at depths of less than 1-foot bgs although there was surficial debris near the locations. Results of
the remaining test pit (3TP02) showed a mixture of debris (55-gal drum containing a grease-like
material, wax/paraffin, scrap metal, ash, and a partially decomposed animal carcass). While

excavating the test pit a 150 ppm reading was registered on the photoionization meter.
Groundwater Investigation Results

The static water level at Site 3 is approximately 5-feet above msl (Cornwallis Cave/Yorktown-
Eastover aquifer) which is approximately 15 feet below the surﬁéial aquifer (Columbia) at Site 1.
In addition to the elevation difference the Columbia and Cornwallis Cave/Yorktown-Eastover
aquifers are lithologically different. The Columbia aquifer consists of medium to fine sand and silt
where the Cornwallis Cave/Yorktown-Eastover aquifer is generally finer-grained (silty fine sand
with shell fragments). Therefore, the surficial aquifer at Site 3 is not the equivalent to the surficial

aquifer at Site 1.

During the Round Two RI the existing wells were sampled and additional wells were installed. Five
of the monitoring wells (3GW07, 3GW08, 3GW15, 3GW15A, 3GW19 and 3GW19A) had
concentrations of trichloroethene, 1,2-dichloroethene, and vinyl chloride. The concentrations of
trichloroethene ranged from 860 pg/L at 3GW19 to 10 pg/L at 3GW15A and 3GWO08. The
concentrations at 3GWO08, 3GW15A, 3GW19 and 3GW19A exceeded both the Federal MCLs and
the Virginia MCLs. In addition, concentrations of 1,2-dichloroethene at concentrations of 110 pg/L
(3GW15) exceeded the Federal MCL and vinyl chloride at concentrations of 48 ug/L(3GW08)
exceeded the Federal and the state of Virginia MCLs.

Relatively low concentrations of fifteen total inorganics were detected in the deep groundwater
samples. Antimony, mercury, silver, thallium, and cyanide were not detected in the sample. Only

one sample (3GW19-01) exceeded the Federal and the state of Virginia MCLs for chromium at a
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concentration of 177 pg/L and the Federal MCL for lead at a concentration of 22 pug/L.. Arsenic and

iron were the most prevalent COPCs detected.

Aluminum, chromium, and manganese concentrations exceeded station-wide background levels for
dissolved inorganics in seven samples (3GWO08F, 3GWO08AF, 3GW15F, 3GW15AF, 3GWI18F,
3GWI18FD and 3GW19F). There were no exceedences of the Federal or state of Virginia MCLs for

dissolved inorganics within the sample set.

EXTENT OF CONTAMINATION

Site 1

Surface Soil

Following evaluation of data collected during the Round One RI, low concentrations SVOCs were
identified as soil contaminants across Site 1. This is consistent with the analytical results of the
Round Two sampling event. The low concentrations of SVOCs (mainly PAHs) are generally spread
throughout the landfill and did not exhibit a pattern. The SVOCs detected are possibly related to

past disposal practices.

Low concentrations of pesticides that were detected in one sample are consistent with historical use
of Station-wide spraying. One PCB compound was detected at low concentrations at the surface soil

sample collected at IGW18 and may be attributable to past site operations.

Inorganic concentrations slightly exceeded station-wide levels for arsenic and lead in one sample

for each analyte.

Overland transport of contaminated soils by runoff flowing toward Indian Field Creek is a potential
pathway for surface soil contaminant migration. Analytical results from surface water/sediment
samples collected in Indian Field Creek indicates that the surface soil contaminants detected at Site 1

have not migrated to or had an impact on this surface water body.
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The surface soil at Site 1 has not been significantly impacted by site operations. There is no

apparent source or discernible pattern of contamination within this media.

Subsurface Soil

Results of the subsurface soil investigation at Site 1 were similar to the results of the surface soil
investigation. Relatively low concentrations of SVOCs (mainly PAHs) were detected at two

locations.

Low levels of pesticides were detected at one location (1IGW19) at a depth of 1- to 3-feet bgs.
Similar compounds and concentrations were detected within the surface soil sample collected at this
location. These detections are consistent with historical use of Station-wide spraying. One PCB
compound was detected at low concentrations at two locations 1GW19 and 1GW20 at depths of 1- to
3-feet bgs. These concentrations were detected within the surface soil (1GW18) and may be

attributable to past site operations.

Inorganics detected within the subsurface were similar to inorganics detected within the surface

soils. The relatively low concentrations were within the station-wide background levels.

The subsurface soil at Site 1 has not been significantly impacted by site operations. There is no
apparent source or discernable pattern of contamination within this media. The leaching of
subsurface soil contaminants to groundwater is a potential contaminant migration pathway. Organic
contaminants detected in groundwater at Site 1 have likely migrated through (or from) the
subsurface soils. The analytical results from the subsurface soil samples collected during this
investigation; however, indicates that this media is not currently acting as a source of groundwater

degradation at Site 1.
Groundwater
This section addresses the extent of groundwater contamination at Site 1. Figure ES-1 illustrates

the extent of organic contaminants in groundwater. Possible sources of groundwater contamination

and potential migration of contamination are also evaluated.
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During the Round Two RI shallow and a deep monitoring wells were installed within the shallow
(Columbia) and deeper (Cornwallis Cave/Yorktown Eastover) aquifer at Site 1 to determine the

horizontal and vertical extent of groundwater contamination.

Results of the Round Two RI indicated that the horizontal extent of VOC contamination
(chlorinated solvents) detected in the Round One RI at Site 1 is limited to the western portion of the
landfill near 1IGW12. The highest concentrations of TCE and 1,2-dichloroethene were detected in
1GW20 at 90 pg/L and 52 pg/L, respectively. These concentrations were detected within the

shallow Columbia aquifer.

Concentrations of inorganics in shallow groundwater were generally within the range of the station-
wide levels for both total and dissolved fractions (with the exception of cadmium that exceeded the

Federal MCLs at one location for both the total and dissolved fractions).

VOC contamination (chlorinated solvents) was also detected within the deeper monitoring wells
installed within the Cornwallis Cave/Yorktown Eastover aquifer. Concentrations of TCE were
greatest (360 pg/L) within the shallow portions of the aquifer just below the Cornwallis confining
unit at IGW12B. A groundwater sample collected within the deeper portions of the aquifer at
1GW12A showed a decrease of TCE concentrations (46B pg/L). The concentrations of TCE within
this sample was qualified as a blank contaminant and the concentrations may be regarded as
nondetect; however, it is presented here as a conservative estimate of the vertical extent of

groundwater contamination.

Although concentrations of chromium and lead exceeded the Federal MCLs, the inorganic
concentrations detected in the deep groundwater were generally within the range of the station-wide

levels for both total and dissolved fractions.

The vertical extent of groundwater contamination appears to be limited to the upper portion of the
Cornwallis Cave aquifer. The horizontal extent of groundwater contamination is limited to a small
area in the southwest corner of the site. The data presented on these figures suggests that the lateral
migration of shallow (Columbia) groundwater contaminants has been limited and that some vertical

(Columbia to Cornwallis Cave) migration has occurred.
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Groundwater flow at Site 1 is somewhat complicated. Static water level in the (shallow) Columbia
aquifer (30 ft-msl) is much higher than the base surface water level of Indian Field Creek (5 ft-msl).
As depicted on Figure ES-2, the Cornwallis Cave confining unit has been eroded away in the vicinity
of the drainageway that separates Sites 1 and 3 (it has been completely eroded in the subsurface of
Site 3). Groundwater in the Columbia aquifer flows toward this drainageway (south) and apparently
discharges to the near-surface and migrates to Indian Field Creek through a form of overland flow
that occurs just below the surface. This area where the Cornwallis Cave confining unit has been
eroded may provide an avenue for vertical migration of contaminants from the Columbia aquifer to

the Cornwallis Cave aquifer.

Static water levels in wells screened within the Cornwallis Cave/Yorktown Eastover aquifer (12 ft

bgs) indicate a more straightforward flow of groundwater from Site 1 toward Indian Field Creek.
Surface Water

The Round Two RI surface water analytical results were consistent with the Round One RI results;
VOCs, SVOCs, pesticides/PCBs and nitramines were not detected in the surface water. Cadmium
and copper slightly exceeded the Station-wide levels and Federal and Commonwealth of Virginia

ambient water quality criteria in all three samples.

The surface water within the study area has not been significantly impacted by operations at Sites 1

and 3. There is no apparent source or discernable pattern of contamination in this media.
Sediment

Relatively low concentrations of inorganics were detected within the samples. No organic
contaminants were detected. Only the concentrations of cadmium and copper exceeded Station-wide
background levels. Concentrations of arsenic, cadmium, and lead slightly exceeded sediment

screening values. Only arsenic was detected in more than one sample at both sample intervals.

The sediment within the study area has not been significantly impacted by operations at Sites 1 and

3. There is no apparent source or discernable pattern of contamination in this media.
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Site 3
Surface Soil

Following evaluation of data collected during the Round One RI, low concentrations SVOCs were
identified as soil contaminants across Site 3, this is consistent with the analytical results of the
Round Two sampling event. The concentrations of SVOCs (mainly PAHs) were detected within two
samples. One sample (3SS10) had elevated concentrations of PAHs located at the eastern portion
of the site. Sample 3SB08A-00 also located at the eastern portion of the site had similar compounds
detected but at significantly lower concentrations. The SVOCs detected are possibly related to past

disposal practices.

One PCB compound (aroclor-1260) was detected at low concentrations at 3SS11 collected down
gradient of a debris pile and may be attributed to past site operations. Low concentrations of
pesticides were detected in one sample (3SB08A-00) are consistent with historical use of

Station-wide spraying, consistent with historical use of Station-wide spraying.

Inorganic concentrations slightly exceeded station-wide levels for arsenic and lead in one sample

for each analyte.
Confirmation Sampling

The confirmatory surface soil samples collected around sample location 3SS10 (see Section 2.2.1.1
and Figure 2-1) indicated the presence of PAHs. The elevated concentrations of PAHs appears to
be related to a “tar-like” substance observed during collection of the samples. These concentrations
are limited to a small areal extent within the surficial (0- to 6-inches bgs) soil. In addition, the
concentrations decrease by an order of magnitude in the subsurface sample 3SB10B

(1.5 -10 2.0 ft bgs).
The surface soil at Site 3 has not been significantly impacted by site operations. With the exception

of sample location 3SS10, there is no apparent source or discernable pattern of contamination within

this media. The 3SS10 location may represent a "hot spot" of SVOC contamination, or it may be
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the result of some sampling/analysis bias (e.g., a piece of plastic debris mixed in with the surface

soil sample).

Subsurface Soil

Low to moderate levels of VOCs were detected at two locations 3SB15A (15- to 17-feet bgs) and
3TP02 (including the duplicate) from 8- to 9-feet bgs. VOCs were not detected in 3SB15A at the
23-to 25 foot interval.

Relatively low concentrations of SVOCs were detected at 3SB15A at 23- to 25 feet bgs and at
3TPO2 at 7- to 8-feet bgs. Low levels of pesticides were also detected at these same locations and

depths. These contaminants may be the result of past disposal practices at the landfill.

Inorganics detected within the subsurface were similar to inorganics detected within the surface

soils. The relatively low concentrations were within the Station-wide background levels.

The subsurface soil at Site 3 has not been significantly impacted by site operations. There is no
apparent source or discernable pattern of contamination within this media. The leaching of
subsurface soil contaminants to groundwater is a potential contaminant migration pathway. Organic
contaminants detected in groundwater at Site 3 may have migrated through (or from) the subsurface
soils. The analytical results from the subsurface soil samples collected during this investigation;
however, indicates that this media is not currently acting as a source of groundwater degradation at

Site 3.

Groundwater

This section addresses the extent of groundwater contamination at Site 3. Figure ES-1 illustrates
the extent of organic contaminants in groundwater. Possible sources of groundwater contamination

and potential migration of contamination are also evaluated.

During the Round Two RI shallow and deep monitoring wells were installed within the aquifer at

Site 3 to determine the horizontal and vertical extent of groundwater contamination.
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scenarios previously identified in Section 6.2.1. For each receptor, total risks were estimated by site
for on-Station current trespassers, future residential receptors, and future construction workers. It
should be noted that risks due to surface and subsurface soil were calculated by site, while risks due
to groundwater were separated further by aquifer. Risks associated with surface water and sediment
were estimated over both sites, and were summed with surface soil and groundwater risks for each
site. Groundwater risks were also estimated for three individual well locations: 3GW19 and
1GW12B from the Cornwallis Cave/Yorktown-Eastover aquifer and 1GW20 from the Columbia
aquifer. Risks associated with these individual well exposures were estimated from maximum
detected concentrations. Groundwater risks were summed with the other three media for each site
under future residential scenarios. Future construction workers were evaluated only for subsurface

soil exposures for each site.

In addition, due to the conservative nature of the RME evaluation of future residential land use,
residential risks were also evaluated under a set of exposure concentrations and assumptions that
approximates CT. CT risks are represented in all residential risk characterization tables by the
values presented in parentheses. The following paragraphs present the potential current and future

exposure pathways and the subsequent potential total site risk to humans.
Current Potential Receptors
Potential current receptors to COPCs detected in environmental media at Sites 1 and 3 include:

L Adolescent on-Station trespassers (7-15 years old)

] Adult on-Station trespassers

The total incremental cancer risk (ICR) values for the current adult and adolescent on-Station
trespassers at Sites 1 and 3 fall within the USEPA's generally acceptable target risk range of 1 x 10°%
to 1 x 10, The target risk range represents the range of potential risks that USEPA generally to
1 x 10, Hazard Index (HI) values for current potential human receptors in both Site 1 and Site 3
fall below 1.0, indicating that noncarcinogenic adverse human health risks will probably not occur

subsequent to exposure.
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Future Potential Receptors

Property use at Sites 1 and 3 will remain the same in the foreseeable future. Future residential
development of these sites is highly unlikely given their location within an area encumbered by the
explosive safety quantity distance (ESQD) arc, which prohibits its development as Station housing.
However for the sake of conservatism, future residential land use and associated potential risks were
evaluated for each area of concern. The potential human receptors evaluated under the future

scenarios were:

] Future adult residents
° Future young child residents (1-6 years old)
® Future adult construction workers

As stated previously, due to the conservative nature of the risk assessment for residential land use,
both reasonable maximum and central tendency scenarios were evaluated. Future residents were
evaluated for exposures to all media. Construction workers were evaluated for only reasonable

maximum subsurface soil exposures.

Total residential lifetime risks resulting from summing over adult and child risks for each site and
potable source scenario, as well as the carcinogenic and noncarcinogenic risks to the future
construction worker for both sites were evaluated. Risks calculated for the future construction
worker for both sites were within acceptable levels. RME carcinogenic and noncarcinogenic
residential risks exceed acceptable criteria for all scenarios. Under CT scenarios, all total
carcinogenic risks for Site 3, in addition to total carcinogenic risk in one of the four potable source
scenarios for Site 1, exceed USEPA acceptable risk criteria. Also, all HIs under the CT scenario
exceed acceptable criteria except for one potable source scenario in Site 1. A discussion of the

results for each of these scenarios is presented below.

Future Residents

It was assumed that future (adult and child) residents could potentially be exposed to COPCs in

surface soil, groundwater, surface water, and sediment. Even though the future development of
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groundwater for potable purposes is unlikely, given the availability of municipal water, potential

potable exposure to COPCs in groundwater was evaluated for the sake of conservatism.

Total ICR values estimated for RME residential receptors exceeded the USEPA’s target risk range
of 1 x 10%to 1 x 10™ in both Site 1 and Site 3. This was due primarily to the contaminants detected
in the groundwater medium. Exceedences of the target risk range in Site 1 and Site 3 occurred based
on the location of the groundwater receptor locations being considered. In Site 1, both the Columbia
and Cornwallis Cave aquifers, including individual well locations, resulted in total risk levels

exceeding USEPA’s target risk range. In Site 3, exceedences by total ICRs occurred when
evaluating the Cornwallis Cave aquifer and the designated well location. In the case of the
Columbia aquifer groundwater receptor scenarios (averaged and location 1GW20) for Site 1, the
individual ICRs fell within USEPA’s acceptable risk range. In addition, the individual ICR for the
Site 1 Cornwallis Cave well location 1GW12B was within the target risk range. In the case of the
Cornwallis Cave aquifer groundwater receptor scenarios (averaged) for Sites 1 and 3 and 3GW19
for Site 3, the ICRs for adult and child exceeded the acceptable target risk range. For the
groundwater scenarios in both sites, the presence of vinyl chloride (a potential degradation product
of TCE) in the Comnwallis Cave aquifer contributed the most to exceedences of the target risk range.

Also, vinyl chloride was not detected in Station background (Baker, 1995).

The ICR value estimated for RME residential receptors exposed to Site 3 surface soil exceeded the
USEPA’s target risk range of 1 x 10 to 1 x 10 This is due primarily to the presence of
benzo(a)pyrene. However, it should be noted that the maximum concentration of benzo(a)pyrene
detected in Site 3 surface soil location 3SS10 was elevated by two orders of magnitude above the
other PAH concentrations. Furthermore, the ICR value calculated under the CT residential scenario
was within the target risk range. This could indicate a biased sample or a localized hot spot. In

addition, PAHs were not detected in groundwater, surface water, or sediment.

HI values for future resident adults and children were greater than 1.0, suggesting that
noncarcinogenic adverse health effects may occur subsequent to exposure. For the most part,
elevated total HI values were due to contaminants detected in the two aquifers. Ingestion of and
dermal contact with arsenic resulted in an unacceptable HI for surface soil (1.1) in Site 1 for the
future child resident. At Site 3, ingestion of and dermal contact with manganese, arsenic, and

antimony in surface soil resulted in an unacceptable HI for future child residents (1.3). It should be
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noted that the individual pathway Hls for either site did not exceed unity. Site 1 surface soil
concentrations of arsenic exceeded corresponding maximum detected Station background
concentrations. Site 3 surface soil concentrations of manganese and antimony exceeded

corresponding Station background, while arsenic did not.

In the Columbia aquifer groundwater receptor scenarios for Site 1 (averaged), dissolved manganese
and TCE were the main contributors to the total HI value; whereas, in the Columbia aquifer
groundwater receptor scenarios for 1GW20, TCE and 1,2-DCE were the main contributors to the
total HI value. In the Cornwallis Cave aquifer groundwater receptor scenarios for Site 1 (averaged),
TCE and 1,2-DCE were the main contributors to the total HI value. In the Cornwallis Cave aquifer
groundwater scenario for IGW12B, TCE is the primary contributor to the elevated HI. TCE and
1,2-DCE were not detected in Station shallow background (Baker, 1995). The maximum detected
dissolved manganese concentration exceeded the maximum detected Station background
concentration. In the Cornwallis Cave aquifer groundwater receptor scenarios for Site 3 (averaged)

and 3GW19, TCE and 1,2-DCE were the main contributors to total HI values.

ECOLOGICAL RISK ASSESSMENT

The following subsections provided a brief overview of the potential ecological risks identified in

this RA for each site.

Site 1 - Terrestrial Environment

Based on a screening of soil concentrations against flora/fauna toxicity values, the terrestrial
environment at Site 1 is impacted by soil concentrations of aluminum, chromium, iron, lead, and
vanadium. In addition, receptor models calculated for Site 1 demonstrated risks from surface soil
concentrations of aluminum, chromium, copper, iron, lead, and vanadium. Site 1 surface soil
concentrations of aluminum, chromium, iron, and vanadium were detected below normal

background 95% UCL (background UCL) concentrations.

Site 1 surface soil concentrations of copper and lead were detected above background UCL
concentrations. Surface soil concentrations of copper detected at Site 1 were below the surface soil

screening level. Copper was included in the models because it was a surface water ECOC.
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The terrestrial flora and fauna environment in Site 3 Proper is adversely influenced by soil
concentrations of aluminum, antimony, chromium, iron, lead, manganese, mercury, thallium,
vanadium, and zinc. Receptor models displayed risks from surface soil concentrations of aluminum,
antimony, chromium, copper, iron, lead, and vanadium. The surface soil concentrations of
aluminum and iron in Site 3 Proper were detected below background UCL concentrations. Whereas,
concentrations of antimony, chromium, copper, lead, manganese, mercury, thallium, vanadium, and
zinc were detected above background UCL concentrations. Although, copper was detected above
background, the soil concentrations in Site 3 Proper were below screening levels. Copper was

retained in the terrestrial models because it was a surface water ECOC.

The terrestrial flora and fauna community in the Soil AOC is adversely influenced by soil
concentrations of SVOCs, aluminum, chromium, iron, lead, manganese, mercury, vanadium, and
zinc. Receptor model species may be adversely impacted by surface soil concentrations of SVOCs,
aluminum, chromium, copper, iron, lead, manganese, mercury, vanadium, and zinc. These
compounds were detected above background concentrations, exceeded flora/fauna toxicity values,

or generated risks in the terrestrial models.

Sites 1 and 3 - Aquatic Environment

The aquatic environment at Sites 1 and 3 is adversely affected by surface water concentrations of
aluminum, copper, and iron. Aluminum and iron concentrations at Sites 1 and 3 were below
background UCL concentrations. Copper exceeded the background UCL concentration. Surface
water concentrations contribute to risks in the aquatic receptor models; however, sediment

concentrations are the primary risk drivers.

Based on slight exceedances of benchmarks, sediment concentrations of cadmium, iron, and
manganese potentially may adversely affect the benthic macroinvertebrate community at Sites 1 and
3. In addition, other aquatic receptors inhabiting Sites 1 and 3 may be adversely impacted by
aluminum, copper, iron, and lead, as indicated by the receptor models. It is noted that sediment
concentrations of aluminum and manganese are below background UCL concentrations. It is noted

that copper was detected below sediment screening levels, but was retained in the receptor models
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because it is a surface water ECOC. Sediment concentrations of iron and lead were detected above

background UCL concentrations.
CONCLUSIONS

The horizontal and vertical extent of groundwater VOC contamination within the shallow and deep

aquifers at both sites has been defined.

The analytical data suggests that upgradient sources of the VOC contamination within the landfill
at Site 1 does not exist and the presence of DNAPL was not observed within the subsurface soil

obtained during monitoring well installation.

There were no human health or ecological risks associated with the surface or subsurface soils at

Sites 1 or 3 with the exception of the SVOC AOC at Site 3.
The results of the ecological risk assessment indicate a minimal threat to the environment.

PAHs (mainly benzo(a)pyrene) are driving the human health risk for the current adult and adolescent

on-Station trespassers resulting from exposure to the SVOC AOC at Site 3.

Results of the human health risk assessment indicate noncarcinogenic and carcinogenic risks for the
future residential scenario as a result of exposure to the shallow (Columbia) aquifer and the deeper

(Cornwallis Cave/Y orktown-Eastover) aquifer.

The groundwater (shallow and deep) at WPNSTA Yorktown is not currently being used and will not
be used in the future as a potable source given the mission of the station. The poor water quality is
aresult of hardness, high pH, and low yield that reflects the characteristics of a Class III aquifer
which do not adhere to the water quality criteria of a drinking water aquifer. In addition, Sites 1
and 3 are within the WPNSTA Yorktown safety quantity distance (ESQD) arc (areas restricted to

ordnance-related facilities) and as such, residential usage of the sites is prohibited.
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Results of the RI and Baseline Risk Assessment dictate the following:

° No further action is required at Sites 1 and 3 with respect to groundwater

(restrictions on the use of groundwater as a potable source will be applied.

® No further action is required at Sites 1 and 3 with respect to soil after a limited
removal of surface soil at the SVOC “hot spot” at Site 3. The limits of the removal
action will be determined by confirming the absence of PAHs through field test kit
analysis and the collection of confirmatory soil samples (surface and shallow

subsurface;< 3-ft bgs) sent to a laboratory for SVOC analysis.

ES-25






WO0DS

“@ACW13
(ND)

/"—_/ -

/7 SITE

S A A A S ———

e

« \
T 7~

woos ) A i
g @7—l1cwzo
oy NS )
_” DEBRIS_AREA ~.
/ // Rl
e /,m,}/.
pd ~
R
1iewii~ - . P
(D) ¥
VAR e
PAR

\

Baker Environmental, me.

NOTE: CONCENTRATIONS QUALIFIED WITH A 8" AREPNDN—DEFECT LEGEND FIGURE ES-—1
ot R N AL e 1 TS EDGE OF WATER Ok  ~ NBMron sE HORIZONTAL EXTENT OF TOTAL VOCs IN THE
“t—S- - EDOE OF PAVEMENT 1M1 - UONTORMG WELL COLUMBIA AQUIFER (SITE 1) AND THE CORNWALLIS
T Neras (110) - oL voe concenTRATIONS CAVE /YORKTOWN—EASTOVER AQUIFER (SITE 3)
] - DEBRIS AREA ue NAVAL WEAPONS STATION YORKTOWN
e & A Mo 1080, ==1,000=x = EENTOUR IN gL o ATION YORKTOWN, VIRGINIA




COLUMBIA AQUIFER —

CORNWALLIS CAVE CONFINING UNIT—

CORNWALLIS CAVE/

YORKTOWN—-EASTOVER AQUIFER _|

318507RI

TO YORK
\\fwm

UBSURFAC
INFILTRATION

!
suesunm!:s MIGRA TIoN.

1
SUBSURFACE
'/~ INFILTRATION

/+ = *

SUBSURFACE MIGRATION TO
INDIAN FIELD CREEK

VERTICAL
MIGRATION |

\
i

N.T.S.

CORNWALLIS CAVE/
|~ YORKTOWN—EASTOVER AQUIFER

Baker Environmental, me.

FIGURE ES-2
SCHEMATIC SITE MODEL
SITES 1 AND 3

NAVAL WEAPONS STATION YORKTOWN
YORKTOWN, VIRGINIA




1.0 INTRODUCTION

This report presents the results of the Round Two Remedial Investigation (RI) completed for Sites 1
(Dudley Road Landfill) and 3 (Group 16 Magazines Landfill) at the U.S. Naval Weapons Station
Yorktown (WPNSTA Yorktown), Yorktown, Virginia (Figure 1-1). This RI Report has been
prepared by Baker Environmental, Inc. (Baker) under the Department of the Navy's (DoN's)
Comprehensive Long-Term Environmental Action Navy (CLEAN) contract administered by the
Naval Facilities Engineering Command, Atlantic Division (LANTDIV).

This RI Report has been prepared in accordance with the WPNSTA Yorktown Federal Facility
Agreement (FFA), the Yorktown Master Work Plans (Baker, 1994a), and applicable Federal,
Commonwealth, and local regulations. Details of the Round Two RI Scope of Work at Sites 1 and
3 are contained in the Site-Specific Work Plan for Sites 1 and 3 (Baker, 1996a). In addition, the

United States Environmental Protection Agency's (USEPA's) document, Guidance for Conducting

Remedial Investigations and Feasibility Studies Under Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) (USEPA, 1988) has been used as guidance for

preparing this report. The RI Report has been prepared using available information from the
previous investigations, such as the Round One RI effort (Baker/Weston, 1993a) and from data
collected during the Round Two RI, which was conducted during January and February 1996.

The objectives of this RI are: (1) to conduct a Round Two remedial investigation based on the results
of the Round One RI; (2) to assess the nature and extent of contamination at each site and/or to
address data gaps observed after the Round One RI preventing an adequate understanding of site
conditions; and (3) to assess potential human health and ecological risks associated with any

contamination at Sites 1 or 3 and identify any potential remaining data gaps.

This document is organized into seven additional sections. Section 2.0 describes the field activities
conducted during the Round Two RI at Sites 1 and 3. This section describes the purpose of the study
of individual media, sampling procedures, and sampling locations for all media. Figures are
included to show sampling locations. This section also discusses quality control (QC) conducted

during the sampling and the management of the investigation derived waste (IDW).
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Section 3.0 presents the physical features of Sites 1 and 3. This section discusses the general
physiography (physical geography, meteorology, surface water hydrology), geology, soil,
hydrogeology, and land use and demography.

Section
CCii0N

4.0 presents t
presents the results of the field sampling activities conducted as part of this RI. The results are
presented by media: surface and subsurface soil, groundwater, surface water, sediment, and biota.
This section also discusses the potential sources of contaminants detected during the sampling

activities.

Section 5.0 characterizes the fate and transport of the contaminants found at Sites 1 and 3. This
characterization includes: potential routes of contaminant migration, contaminant persistence, and

contaminant migration.

Sections 6.0 and 7.0 contain the baseline risk assessments (RAs) conducted for the sites. The
baseline human health RA (Section 6.0) contains a human health evaluation and an environmental

evaluation. An ecological RA is included in Section 7.0.

A summary and conclusions are presented in Section 8.0. This section summarizes the nature and
extent of contamination, contaminant fate and transport, and potential human health and ecological

impacts associated with the site.

1.1 Site History and Results of Previous Investigations

The information in this section has been drawn from the Site Management Plan (Baker, 1996b), the
Round One RI Report (Baker/Wes_ton, 1993a), the Summary of Background Constituent
Concentrations and Characterizations of the Biotic Community for the York River Drainage Basin
(Baker, 1995), and Final Master Project Plans (Baker, 1994a). Additional information was included

from a confirmation sampling event conducted by Baker on July 12, 1995.
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1.2 Sites 1 and 3-Description and History

Fifteen sites requiring RI/Feasibility Study (FS) activities are identified in the Fiscal Year 1996-1997
Site management Plan (SMP) for WPNSTA Yorktown (Baker, 1996b) The location of these sites

including Site 1 and 3 within the Station are presented on Figu

1 it thin tion are nre re 1-2. Fioure 1-3 presents an aerial
p g 3 presents an aerial
photograph of the sites and Figure 1-4 shows a more detailed view of the sites. The following
subsections provide an overall description of the Station and site-specific information for Sites 1

and 3.

1.2.1 Site 1 - Dudley Road Landfill

Site 1 is a 6-acre area located just north of the headwaters of Indian Field Creek (Figure 1-3). The
landfill was in use from approximately 1965 to 1979 for general disposal, with one area reportedly
used for disposal of plastic lens grinding waste until 1983. The site was originally used for sand
mining. There are two unfilled sand borrow pits at the site. One is located within the eastern portion
of the site quadrant and is vegetated with loblolly pine. The second unfilled borrow pit is within the
southwest portion of the site and accumulates surface water runoff. The water within this unfilled
borrow pit fluctuates greatly throughout the year from a few inches to approximately 2-feet deep.
Seasonal ponding also occurs in the southeastern section of the site. Wastes reportedly disposed
within the depression created by sand mining include asbestos insulation from steam piping; oil,
grease, paint, and solvent containers; nitramine-contaminated carbon; household appliances; scrap
metal banding; construction rubble; plastic lens grinding wastes; tree limbs; lumber; packaging
wastes; electrical wires; and waste oil. The landfill received an estimated 255 tons of waste during
the time in which the site was in use. The landfill is covered by approximately two feet of soil and
the abandoned sand reclamation area is covered by 8 feet of soil (Final Master Project Plans, Baker,

1994a).

On January 12, 1979 the VADEQ performed an inspection of the site. The landfill did not meet the
requirements for a permitted landfill by the Virginia Department of Health governing the disposal
of solid waste. The deficiencies were corrected and the landfill received approved waste urntil 1985
when the facility was closed. Another inspection conducted of the closed disposal facility on

August 29, 1995 (by VADEQ), found deficiencies (subsidence and ponding water) within the
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landfill cover. The station replied that this noncompliance item will be addressed under the IR

program.
1.2.2 Site 3 - Group 16 Magazines Landfill

Site 3 is a 2-acre area located behind the Group 16 Magazines, just south of Site 1 (separated from
Site 1 by a ravine), along the headwaters of Indian Field Creek (Figure 1-4). The landfill is named
for its proximity to the Group 16 Magazines. The history of this landfill is unrelated to operations
at the magazines. The landfill area was reportedly in use from 1940 to 1970. The site was originally
used for sand mining. Wastes that were disposed within the depression (unfilled borrow pit) created
by sand mining include solvents, sludge from boiler cleaning operations, grease trap wastes, Imhoff
tank skimmings containing oil and grease, and animal carcasses. This landfill received an estimated
90 tons of waste during the time in which the site was in use. Currently, most of the site, which is
overgrown with trees, is covered by approximately two feet of soil with some scattered surface

debris (Final Master Project Plans, Baker, 1994a).

13 Results of Previous Investigations

Previous investigation reports completed through the IRP at WPNSTA Yorktown include the

following:

° Initial Assessment Study (IAS) (C. C. Johnson & Associates, Inc. and CHZM Hill,
1984)

L Confirmation Study Rounds One and Two Reports (Dames and Moore, 1986 and
Dames and Moore, 1988)

® RI Interim Report (Versar, 1991)
° Focused Biological Sampling and Preliminary Risk Evaluation Report (Baker,
1993b)

L Round One RI Report (Baker/Weston, 1993a)
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° Habitat Evaluation Report (Baker, 1994b)

Additionally, a confirmation sample from one groundwater monitoring well was collected on
July 12, 1995 (Baker) and analyzed to confirm results from the Round One RI report. These reports
have been generated in conjunction with the continuing development of the DoD IRP. Summaries

of previous investigations are provided in the following subsections.
1.3.1 Initial Assessment Study

The purpose of the IAS (C. C. Johnson & Associates, Inc. and CH2M Hill, July 1984) was to
identify and assess sites posing a potential threat to human health and/or the environment due to
contamination from past operations. A total of 19 potentially contaminated sites were identified
based on information from historical records, aerial photographs, field inspections, and personnel
interviews. Each site was evaluated for the type of contamination, migration pathways, and
pollutant receptors. The IAS concluded that 15 of the 19 sites, including Sites 1 and 3, were of

sufficient threat to human health or the environment to warrant Confirmation Studies (CS).
1.3.2 Confirmation Study and RI Interim Report

Two rounds of data were obtained during the CS effort. The first round of sampling and analysis
was documented in the "Confirmation Study Step IA (Verification), Round One" (Dames & Moore,
1986). The results of the second round of sampling and comparisons with appropriate regulatory
standards were presented in the Confirmation Study Step IA (Verification, Round Two" [Dames &
Moore, 1988]). The results of these field efforts were combined and summarized in the Draft RI
Interim Report (Dames & Moore, 1989). This report was subsequently revised by Versar, Inc.
(Versar) in 1991 to incorporate comments from the former Technical Review Committee (TRC);
now called a Restoration Advisory Board (RAB). The revised report is referred to as the RI Interim
Report (Versar, 1991). The RI Interim Report recommended that further R1 activities be completed
at 14 of the 15 sites; including Sites 1 and 3.
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Monitoring wells installed at Sites 1 and 3 during the CS are still in existence and have been
incorporated into the groundwater monitoring network for the Round Two RI at these sites. These

monitoring wells include: 1GW04, 1IGW05, 3GW06, 3GW07, and 3GWO08.

1.3.3 Biological Sampling and Risk Evaluation Report

The Focused Biological Sampling and Preliminary Risk Evaluation Report (Baker/Weston, 1993b)
summarized the results of a limited biological tissue, surface water, and sediment sampling effort
conducted in October 1992. The primary objective of the sampling program was to evaluate the
potential human health risk associated with consumption of fish and shellfish taken from select

waters within WPNSTA Yorktown, including Indian Field Creek.

1.3.4 Round One Remedial Investigation

The results of the Round One RI (Baker/Weston, 1993a) indicated that further investigation was
needed at all sites that were studied to better define the nature and extent of contamination
associated with each site. Data indicate that surface soil, subsurface soil, groundwater, surface
water, and sediment have been potentially impacted by past site activities. In this report, references
are made to "control samples", which are background samples collected during the Round One RI.
These should not be confused with the background samples collected as part of the comprehensive
station-wide background investigation conducted in 1994 (Baker, 1995b). The results of the Round

One RI at Sites 1 and 3 are presented below.

1.3.4.1 Site 1 Round One R1

The data from the Round One RI is summarized for Site 1 by media in the following subsections.

Surface and Subsurface Soil Sampling Results

During the Round One R, a total of 13 soil samples (ten surface and three subsurface soil) were
collected at Site 1. The surface soil samples were collected from 0- to 2-feet below ground surface
(bgs). Sample locations are presented in Figure 1-5. The samples were analyzed for volatile organic

compounds (VOCs), semi-volatile organic compounds (SVOCs), target analyte list (TAL)
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inorganics, explosives, and pH. Selected (organic) analytical results for the soil samples are
presented on Figure 1-6 (only detected compounds illustrated). No VOCs were detected in surface
soil samples except for a low concentration of toluene (a possible laboratory contaminant) in surface
soil sample 1S02-001. Although toluene was not detected in the blanks, this finding was aitributed
to laboratory contamination. Several SVOCs in surface soil samples were detected at low
concentrations, as illustrated in Figure 1-6. The relatively high concentration of bis(2-
ethylhexyl)phthalate at 1S02-001 may be attributable to the plastic lens-grinding wastes reportedly
disposed at Site 1. However, phthalate esters are common laboratory and sampling contaminants.
Inorganic concentrations in surface soils were generally close to the Round One RI control samples

with the exception of one elevated level of lead (Table 1-1).

In the subsurface soil samples, no VOCs were detected except for methylene chloride, a common
laboratory contaminant, at very low concentratibns in three borings. SVOCs were detected in one
sample (1SB12) at low to moderate concentrations and were similar to those found in a nearby
shallow soil sample, 1S02-001 (see above). Inorganic concentrations in subsurface soils were
generally similar to the Round One RI control samples except for a slight exceedence of zinc in one

boring (Table 1-1).
Groundwater Sampling Results

Four groundwater monitoring wells were installed during this investigation (1IGW12, 1IGW13,
1GW14, and 1GW17). They were sampled along with the two existing wells (1GW04 and 1GWO05)
for a total of six sampling stations (Figure 1-5). The groundwater samples were analyzed for VOCs,
SVOCs, nitrates, explosives, and inorganics (total and dissolved). VOCs were detected at only one
location, 1IGW12 (Figure 1-7). Concentrations of 1,2-dichloroethene (DCE), trichloroethene (TCE),
and tetrachloroethene (PCE) were above the Maximum Contaminant Levels (MCLs). No SVOCs
were detected except for diethylphthalate (1J pg/L) in 1GW12. Diethylphthalate is a common
sampling and laboratory contaminant. Explosives were not detected within the Site 1 groundwater
samples. As shown on Table 1-2, inorganics and nitrates were detected above criteria in several
samples. Antimony, arsenic, cadmium, and nickel were detected in the total metals samples at

Site 1, but were not detected in the Round One control samples.
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Surface Water Sampling Results

As shown on Figure 1-5, a total of seven surface water samples (six locations, with one location
having a shallow and deep sample) were collected at Site 1 and analyzed for VOCs, SVOCs,
inorganics (total and dissolved), explosives, hardness, pH, and TOC. Analysis indicated that no
VOCs, SVOCs, or explosives were detected in any surface water samples. Total and dissolved
metals concentrations were generally similar to the Round One RI control samples with few

exceptions. Table 1-3 lists the inorganic analytical results.

Sediment Sampling Results

A total of sixteen sediment samples were collected at Site 1 (Figure 1-5). Two sediment samples
(0- to 4-inches bgs and 4- to 8-inches bgs) were taken at each of eight (1SDO05 through 1SD12)
sampling stations. The samples were analyzed for VOCs, SVOCs, metals, explosives, pH, and TOC.
Analytical results are presented on Figure 1-8. Several metals were detected at 1SD05, 1SD06, and
1SDQ7 above the concentrations in the Round One RI control samples. Table 1-4 presents inorganic

concentrations for sediment samples.

Round One RI Investigation Summary for Site 1

This data indicates that activities at Site 1 have not had a significant impact to the groundwater at
Site 1 except for the high concentrations of VOCs localized in 1GW12 (specifically TCE) and
limited inorganics detections. The Round Two sampling effort focuses, in part, on determining the
vertical and horizontal extent of the VOC contamination in groundwater and also confirming that
other media are not affected by the VOCs. Surface soils at Site 1 contain low concentrations of
SVOC compounds, and an elevated concentration of lead at one location. Aside from methylene
chloride (possible lab contaminant), no VOCs were detected in subsurface soils and only limited
SVOCs and inorganics were detected. No VOCs, SVOCs or explosives were detected in any surface
water samples. Concentrations of inorganics in Site 1 sediment samples were similar to Round One
control sediment samples. The sediment samples collected downstream of Site 1 contain
contaminants and elevated inorganics concentrations that were not detected in the samples collected

closer to the site.
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1.3.4.2 Site 3 Round One RI Investigation

The data from the Round One RI is summarized for Site 3 by media in the following subsections.
Surface and Subsurface Soil Sampling Results

Three surface and four subsurface (two each from two borings) soil samples were collected for a
total of seven soil samples (Figure 1-5). The samples were analyzed for VOCs, SVOCs, and
inorganics. No VOCs were detected in surface soil samples except for toluene in 3S03. Toluene
was not detected in the duplicate sample collected at this location. Low concentrations of SVOCs
were detected in all three surface soil samples as shown on Figure 1-6. Inorganic concentrations
were at levels generally similar to the Round One RI control samples with few variances (lead,
vanadium, and cadmium were detected above concentrations of the control samples). Cyanide was
not detected in any surface soil sample. Table 1-1 presents inorganic concentrations for surface and

subsurface soil.

In subsurface soil samples limited VOCs were detected at low concentrations, including methylene
ch.loride, carbon disulfide, and acetone (possible laboratory contaminants). No SVOCs were
detected in any of the subsurface soil samples. Inorganic concentrations were generally similar to
the Round One RI control samples with few variances including calcium, magnesium, sodinm, and

vanadium (Table 1-1).
Groundwater Sampling Results

Two groundwater monitoring wells were installed during the field effort 3GW15 and 3GW18).
These two wells, along with three existing wells 3GW06, 3GW07, and 3GW08) were sampled for
VOCs, SVOCs, nitrates, and inorganics (total and dissolved) (Figure 1-5). TCE was detected in four
monitoring wells, as shown on Figure 1-7. The concentrations of TCE exceed the MCL at three of
these locations. 3GW15 had the highest level of TCE detected and also contained 1,2-DCE which
is a common degradation product of TCE. No SVOCs were detected except phenanthrene at 3GW18
as shown on Figure 1-7. Elevated concentrations of inorganics including lead, manganese, and zinc

were detected in the total phase (Table 1-2).
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Surface Water Sampling Results

Two surface water samples were collected and analyzed for VOCs, SVOCs, and inorganics (total
and dissolved) (Figure 1-5). No VOCs or SVOCs were detected in any surface water samples.

Table 1-3 presents the inorganics analytical results.
Sediment Sampling Results

A total of four sediment samples (two at two locations) were collected and analyzed (Figure 1-5).
The samples were analyzed for VOCs, SVOCs, inorganics and TOC. The results are presented on
Figure 1-8. Limited VOCs and SVOCs were detected (primarily possible laboratory contaminants).

Inorganic concentrations were generally similar to the Round One RI control samples (Table 1-4).
Round One RI Investigation Summary for Site 3

The Round One RI data results indicate that surface soils do not appear to be adversely impacted by
the landfill while subsurface soil sample results indicate the presence of low levels of VOCs and
inorganics. The landfill activities at Site 3 may have affected the groundwater based on the presence
of TCE and possibly inorganics contamination. Most of the inorganics detected were in the total
rather than the dissolved sample and, thus, these inorganics appear to be due to the suspended
sediments and are not transported by groundwater. The surface water and sediment concentrations

were above the Round One RI control levels but below the respective standards.

1.3.5 Habitat Evaluation Results

The Habitat Evaluation results (Baker, 1994b) are presented in two subsections, aquatic habitats
which discusses the stream areas, and terrestrial habitats which discusses the land areas. The areas

discussed are presented on Figure 1-4. Sites 1 and 3 are located in the watershed of Indian Field

Creek.

1.3.5.1 Site 1 Habitat Evaluation Results

The results of the aquatic and terrestrial habitat evaluations for Site 1 are presented below.
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Aquatic Habitats

The Commonwealth of Virginia has classified surface waterways according to potential uses based
on water quality. The streams found on the main section of WPNSTA Yorktown are in Section 1
of the York River Basin and are classified as Class 2 waters. Section 1 includes the York River and
the tidal portions of its tributaries from Goodwin Neck and Sandy Point upstream to Thorofare
Creek and Little Salem Creek near West Point, Virginia. Class 2 water bodies have fish-sustaining
qualities, but are lacking in aesthetic quality, productivity, or in some structural characteristic. The
water body maintains good water quality, temperature, and summer flow; adjacent land is not
extensively developed. The surface waterways in the main Station area are tidal and brackish;
therefore, the water is not potable. However, these estuarine areas are highly productive for the
development of aquatic communities and are potentially sensitive to manmade contaminants. These
surface waters are subject to the VDEQ Water Division's surface water quality criteria standards

(Baker/Weston, 1993b).

No freshwater streams are within or adjacent to Site 1. However, one unfilled sand borrow pit was
identified in the western section of the site. The pond appears to be a depression composed of
impervious material that retained surface water runoff during storm events. The pond is a source
of drinking water for wildlife and provided habitat for frogs and other amphibians. Pond depth
fluctuates considerably (few inches to approximately 2-feet deep), as evidenced by floodlines around
tree trunks, water stained leaves, surface roots, and dry, intermittent channels with outlets above the
present pond water surface. Plants identified in the emergent wetland included great bulrush,
woolgrass, rushes, and small spike rush. Black willow and crack willow were present in the shrub

wetland.

Terrestrial Habitats

The terrestrial environment in the vicinity of Site 1 was recorded as one of the most diverse of the
eight sites in the habitat report. Birds were particularly plentiful, and amphibians, reptiles, and
mammals were also numerous. The site includes three types of terrestrial habitats including an open
field with a small pond, a scrub/mixed forest present along the edges of the open area, and an upland

forest between the old landfill and the marsh.



The open field was dominated by a mixture of grasses and herbaceous perennial and annual plants.
Overall, the plants were diverse and well mixed. Several species of trees and shrubs were present
as scattered specimens across the open field. The pond, which was at a seasonal low during the field

study, was ringed by saplings and shrubs.

Trees dominated the scrub shrub/mixed forest along the edges of the open field. Several planted
areas of loblolly pine were present in the area and were also growing in the mixed forest area.
Seedling and sapling trees, grasses, and herbaceous field plants were present in the understory of

this area.

Upland forest was present as a narrow band between the former landfill and the marsh along Indian
Field Creek. The understory in the upland forest was sparse and includes patches of blueberry,
partridge, and spotted wintergreen. Flocks of birds were observed feeding on the site, particularly
on the fruits of the autumn olive shrubs. Birds also seemed to be attracted to the small pond at the

site. Most of the birds were classified as resident or breeding birds.

Two neotropical migrants were also identified during the field study, which coincided with fall
migration. Several other migrating warblers were observed in small flocks. Several box turtles were
found on the site and excavated turtle eggs were also present. White-tailed deer were also observed.
Eastern cotton tail rabbits appeared to be common and signs of squirrels, raccoons, and groundhog

were also noted.

1.3.5.2 Site 3 Habitat Evaluation Results

The results of the aquatic and terrestrial habitat evaluations for Site 3 are presented below.
Aquatic Habitats

Site 3 was similar to Site 1 in that there were no freshwater drainage channels (intermittent or
perennial) identified on site. In addition, no other sources of freshwater were identified on the site.

Site 3 is situated immediately adjacent to Indian Field Creek, and southeast of Site 1, with habitats

similar to those associated with tidally influenced streams.




Terrestrial Habitats

Three general terrestrial habitats were present at Site 3. These included a mixed deciduous forest
over most of the disposal area, a small open area dominated by herbaceous plants, and mature upland
forest along the edges of the disposal area and the creek. The mixed deciduous forest in the
disturbed area was dominated by trees that are relatively young. The understory in this mixed forest

was well vegetated and included seedling trees, vines, shrubs, ferns, grasses, and herbs.

A portion of the disturbed area was not forested; in this area grasses and perennial and annual
herbaceous plants were dominant, although seedling trees were also present. The most common

seedlings were sweet gum, white oak, hickory, red cedar, and loblolly pine.

Mature upland forest was present beyond the disturbed areas and between the former landfill and
Indian Field Creek. Trees were clearly dominant in this upland forest and included beech, tulip
poplar, loblolly pine, dogwood, hickory, and ironwood. The understory was very sparse and

generally was limited to seedling trees and scattered shrubs or mountain laurel.

Five relatively common species of birds were observed at Site 3, including robin, Carolina wren,
blue jay, acadian flycatcher, and black-capped chickadee. One reptile, a five-lined skink, was

observed at the Site 3 mixed forest. Signs of white-tailed deer and squirrels were also noted.
1.3.6 Confirmation Sampling

On July 12, 1995, a groundwater sample was collected from monitoring well IGW12 at Site 1. The
sample was submitted to the laboratory for analysis of VOCs to confirm the elevated level of TCE
(18,000 pg/L) at this well presented in the Round One Rl report. The sample was analyzed and TCE
was detected at 3,900 pg/L, along with cis-1,2-dichloroethene at 520 pug/L. This information has
aided with the approach to the work plan. The sample data received from the laboratory is provided

in Appendix 1A.
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Round One Inorganic Concentrations in Surface and Subsurface Soil (mg/kg)

Table 1-1
SITE ID 1S01-001 1502-001 1S03-001 | 1S04-001 1505-001 1S06-001 | 1SB12-001 | 1SB12-002 | 1SB13-001
ANALYTE
Aluminum | 2130.00071 | 1920.000F | 1890.000J | 4220.000J 3460.000 J 2510.000J 3280 1760 3550
Antimony 9.160 UJ 9.500 UJ 9.100 UJ 10.200 UJ 10.500 UJ 9.450 UJ 8.040 UJ 7.870UJ 9.650 U
Arsenic 1.4001] 1.700 J 1.100J 1.700 J 6.700 J * 21007 * 243 % 37 1.6*
Barium 11.6 99 7.5 l6.4 14 20.1 21.8 7.4 212
Beryllium 0.210U 0.220U 02100 0.230U 0.36 0210U 0.220UJ 0.220UJ 0.35
Cadmium 0.830 UJ 0.860 UJ 0.830 UJ 0.930UJ 0.960 UJ 0.860 UJ 0.890U 0.880U 0.880U
Calcium 202.0007J 342.0007J 324107 | 694,000 * | 14900.000J * | 491.0007] 774 224 114
Chromium 2.7 4.7 32 9.1 8.3 55 5 4.1 4.2
Cobalt 1.250 U 1.300 U 1.240U 1.390U 1.9 1.290 U 3.8 1.530U 1.8
Copper 1.6 1.9 24 23 3.6 59 45* 2 1.1
Iron 2630.000J | 3670.000J | 3210.0007 | 10400.000J | 7220.000]J 4380.000 J 5240 4460 4640
Lead 3.1 5 43 12.6 72 21.4 % 8.9 3.6 37
Magnesium 81.1 123 8L.5 342 539 * 135 213 132 215
Manganese 14.300 J 18.800J 12.1007J 81.200J 3330017 36.600] 127 224 393
Mercury 0.050U 0.06 0.050U 0.060 U 0.060 U 0.16 0.060U 0.060 U 0.050R
Nickel 3.750 U 3.890U 37200 4.180U 43100 3870U 4.020U 3.940U 3.950U
Potassium 202.000 U | 210.000U | 201.000U | 225.000U 395 208.000 U | 200.000 U 196.000 U 326
Selenium 0.420 UJ 0.430 UJ 0.400 UJ 0.460 UJ 4710 UJ 0.440UJ 0.440 UJ 0.430U 0.4400J
Silver 1.250R 1.300R 1.240 R 1.390 R 1.440 R 1290 R 1.790 U 1.750 U 1.320U
Sodium 10.600 UJ 11.000 UJ 10.500 UJ 19.9001) 117.000J 11.000 UJ 26.100 U 25.600U 26.5
Thallium 0.420U 0.430U 0.400U 0.460 U 0.470UJ 0.440U 0.440U 04300 0.440 U
Vanadium 29 44 4.1 16.9 7.3 6.4 55 35 6.9
Zinc 2.1 153 4 9 17.7 203 % 17.5 96.4 5.400J




Round One Inorganic Concentrations in Surface and Subsurface Soil (mg/kg)

Table 1-1 (Continued)

SITE ID 1SB13-002 | 1SB14-001 | 1SB14-002 | 1SB17-001 3S01-001 3502-001 3S03-001 3503-101 3SB15-001
ANALYTE

Aluminum 2130 2050 2090 5240 3390.000J 4240.000J 2980.000 1 3920.000 J 1230
Antimony 9.310 UJ 7.670 UJ 7.380 UJ 8.000 UJ 9.950 UJ 9.910UJ 10.000 UJ 10.600 UJ 7.390 UJ
Arsenic 0.8 0.81 0.66 1.8 % 52007 * 1.700J 1.9007 1.900J 23*
Barium 7.8 14 9.4 14.7 17.7 16.2 17.3 174 18.4
Beryllium 02100 0.210UJ 0.200 UJ 0.220 UJ 0.41 0.83 * 0.48 0.65 0.200U
Cadmium 0.850 U 0.850U 0.820U 0.890U 1.5001J 1.0007J 0.910 UJ 1.200 J 08200
Calcium 63.6 60.8 83 162 1060.000 J* 636.000J * 814.000 J * 749.000 J * 149
Chromium 34 1.7 3.1 6.2 18.4 * 11.9* 13.8* 16.6 * 34
Cobalt 1.270 U 1.490 U 1.430U 1.8 2.1 59 5.7 5.1 2
Copper 1.060 U 1.490U 1430 U 1.560 U 7.3 % 26 3.8 3 1.440U0
Iron 4180 1680 2460 9980 21700.000J * | 14600.000 J * | 19900.000 J * | 21700.000 J * 3290
Lead 2.1 58 1.600J 4.5 244 % 14.8 20 * 233* 1.8
Magnesium 140 71.9 80.5 177 352 359 390 * 486 * 150
Manganese 11.9 13.7 54 37.9 78.500) 85.1007 119.000 J 90.500J 15.500 J
Mercury 0.060 R 0.06 0.06 0.060 U 0.060 U 0.060 U 0.060 U 0.060 U 0.25 *
Nickel 3810U 3830U 3.690U 4.000U 8.6* 8.2 % 6.4 7 3.690U
Potassium 278 191.000 U 184.000 U 199.000 U 227 380 380 525 188
Selenium 0.430UJ 0.430UJ 0.420UJ 04300 0.450 UJ 0.440 UJ 0.470 UJ 0.480 UJ 0.420 UJ
Silver 1.270 U 1.700 U 1.640 U 1.780 U 1.360 R 1.350R 1370 R 1.440 R 1.640 U
Sodium 20.6 24900 U 24.000U 26.000 U 11.500 UJ 11.500 UJ 11.600 UJ 12.300 UJ 3211
Thallium 0.430 U 0.430U 0.420U 0.430U 0.450 UJ 0.440 U 0470 U 0480 U 0.420 UJ
Vanadium 58 22 2.6 7.7 19.2 18.2 13.5 18.6 4.8
Zinc 3.0001 1.4 1.230 U 55007 674 % 36.5%* 226 % 29.1%* 7.9




Round One Inorganic Concentrations in Surface and Subsurface Soil (mg/kg)
Table 1-1 (Continued)

SITE 1D 3SB15-002 3SB18-001 3SB18-002
ANALYTE

Aluminum 2070 1860.000 ] 3480.000J
Antimony 9.360 UJ 7.300 UJ 9.020 UJ
Arsenic 6 0.79 4.7
Barium 252 12.7 30.1
Beryllium 0.44 0.200U 0.35
Cadmium 1.040U 0.810U 1.000U
Calcium 228000 139000 * 286
Chromium 7.7 7.4 3.6
Cobalt 33 3.2 2.8
Copper 3 34 24
Iron 13500 9410.000 J 3460.000 J
Lead 38 2.3201] 2.320)
Magnesium 2850 5830 * 200
Manganese 314.000J 171.000 J * 144.000 J
Mercury 0.060 U 0.060U 0.070U
Nickel 5 4.600U 4510U
Potassium 697 542 * 224.000U
Selenium 5.200 UJ 0320U 5.180U
Silver 2.080U 1.620 U 2.000U
Sodium 1290 814 * 20300U
Thallium 0.520U) 0.32 0.520U
Vanadium 17.1 12.500J 4.5001
Zinc i8 16.5 8.4001]

J = Estimated concentration.
UJ = Estimated nondetection.
U = Detected below reported detection lirnit.

R = Data rejected due to QC difficulties.

* = Compound present at a concentration greater than twice the maximum

background coticentration detected in the samples collected as part of the Round I RI field activities.
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Round One Inorganic Concentrations in Groundwater (ug/L)

Table 1-2
SITE ID Federal | Federal VGS 1GW04-001 1GW05-001 1GW12-001 | 1GW13-001
ANALYTE MCL SMCL
Aluminum 200 64307 | 10300 c) | 389710 | 370
Aluminum (dissolved) 3500 U 834) 61.40 ] 67.20]
Antimony 6 4400 U 44.00U 44.00 U 4400U
Antimony (dissolved) 4400 U 4400 U 4400 U 44,00 U
Arsenic 50 50 5507 6.70 J 2.00UJ 2,00 UJ
Arsenic (dissolved) 4307 2.00 UJ 2.00UJ 2.00UJ
Barium 2,000 1,000 78.40 52.70 61.60
Barium (dissolved) 29.30 30.00 63.20
Beryllium 4 1.00U 2.00 1.00U0
Beryllium (dissolved) 1.00U 1.40 1.00U
Cadmium 5 0.04 400U 400U 400U
Cadmium (dissolved) 400U 4000 400U
Calcium 80,600 41,400 9,540
Calcium (dissolved) 70,900 42,300 10,100
Chromium 100 50 16.40 20.00 8.00U
Chromium (dissolved) 8.00 U 3.00U 8.00U
Cobalt 600U 34.00 * 6.00U
Cobalt (dissolved) 6.00U 27.90 600U
Copper 1,300%* 1,000 1,000 5.40 7.80 5.00U
Copper (dissolved) 5.00U 500U 5.00 U
Iron 300 300 Jie 03
Iron (dissolved) 4Ji 177 { :
Lead 15%* 50 8.50J 51017 3.80 J 4307)
Lead (dissolved) 2.00UJ 20.00 UJ 2.00UJ 2.00 UJ
Magnesium 3,480 7] 29,400 ] * 4,970 J * 3,680 J
Magnesium (dissolved) 5,220 J *
Manganese 50 50 g |
Manganese (dissolved)
Mercury 2 0.05
Mercury (dissolved)
Nickel 100
Nickel (dissolved)
Potassium
Potassium (dissolved)
Selenium 50 10
Seleninm (dissolved)
Silver 100 . .
Silver (dissolved) 6.00U 600U 6.00U 600U
Sodium 100,000 7,750 7 19,600 J * 2,480 J 2,550 J
Sodium (dissolved) 7,530 F 20,000 J * 2,500 2,730 ]
Thallium 2 2.00 UJ 2.00UJ 2.00 UJ 200U
Thallium (dissolved) 200U 200U 200U 200U
Vanadium 22.20 22.10 6.00U 6.00U
Vanadium (dissolved) 8.90 8.30 6.00U 6.00U
Zinc 5,000 50 42.80 7290 @ | 1630 22.60
Zinc (dissolved) 810U | 7060 930U
Nitrates 10,000 5,000 100 UJ 100 UJ 3400 J




Round One Inorganic Concentrations in Groundwater (ug/L)
Table 1-2 (Continued)

SITE ID Federal | Federal | VGS | 1GW14-001 | IGW17-001 | 1IGW17-101 | 3GW06-001
ANALYTE MCL | SMCL
Aluminum 200 MlJ | 1400 10,600
Aluminum (dissolved) 1117 S 1 35000
Antimony 6 44.00U . 44.00U
Antimony (dissolved) 4400 U 4400U 44,00 U
Arsenic 50 50 200U 200U 20,407
Arsenic (dissolved) 2.00UJ 2.00UJ 2.00 11
Barium 2,000 1,000 38.80 25.20 88.50
Barium (dissolved) 35.30 21.20
Beryllium 4 1.00U 1.00U
Beryllium (dissolved) 1.00U 1.00U
Cadmium 5 0.04 400U 400U
Cadmium (dissolved) 400U 4000
Calcium 5,490 9,470
Calcium (dissolved) 5,010 9,190
Chromium 100 50 300U 8.00U
Chromium {dissolved) 8.00U 8.00U
Cobalt 17.90 * 6.00U
Cobalt (dissolved) 16.40 6.00U
Copper 1,300%* | 1,000 1000 500U 500U
Copper (dissolved) 500U 5.000 .
Iron 300 300 | 906 T(e)  24601() | 1920)(e) | 4
Iron (dissolved) 43 J) | 435017
Lead 15%:% 50 5107 23017
Lead (dissolved) 2.00UJ 2.00UJ . 80
Magnesium 1,090 J 44107 43207F 7,130 *
Magnesium (dissolved) 1,120]
Manganese 50 50 30.70
Manganese (dissolved) 23.70
Mercury 2 0.05 0.10U
Mercury (dissolved) 0.10U
Nickel 100 18.00 U
Nickel (dissolved) 18.00 U
Potassium 970U
Potassium (dissolved) 970U
Selenium 50 10 200U 200U 2.00 UJ
Selenium (dissolved) 2.00UJ 2.00UJ 2.00 UJ
Silver 100 6.00 U 6.00 U 6.00 U
Silver (dissolved) 6.00U 6.00 U 6.00 U
Sodium 100,000 2,61017 1,8107 6,680
Sodium (dissolved) 2,480 ] 1,630 ] 6,540
Thallium 2 2000 200U 2.00 UJ
Thallium (dissolved) 2.00U 200U 2.00UJ
Vanadium 6.00U 6.00 U 49.00 *
Vanadium (dissolved) 6.00U
Zinc 5,000 50 28.20
Zinc (dissolved) 39.40
Nitrates 10,000 5,000 1507




Round One Inorganic Concentrations in Groundwater (ug/L)
Table 1-2 (Continued)

SITE ID Federal | Federal | VGS | 3GW07-001 | 3GW08-001 3GW15-001 | 3GW18-001
ANALYTE MCL SMCL

Aluminum 200 69703 * [ 34900 T(c)* | 202000 (c)* | 6 7*
Aluminum (dissolved) 35.00 U 35.00U 43.70 ] - 2
Antimony 6 44.00U 44,00 U 4400 U 4400 U
Antimony (dissolved) 4400U 44000 44.00U 44.00 U
Arsenic 50 50 13.60 J 17.80 1 4107 2.00UJ
Arsenic (dissolved) 2.00 UJ 2.00 UJ 2.00 UJ 2.00UJ
Barium 2,000 1,000 69.00 163* 12202 96.40
Barium (dissolved) 34.80 28.80 35.80 74,70 *
Beryllium 4 1.10 470 Mmy % | 2330¢h)° 1.00U
Beryllium (dissolved) 1.00U 100U 1.00 U 1.00U
Cadmium 5 0.04 400U | 840¢d) | 2970 4.00U
Cadmium (dissolved) 4.00U0 400U 400U 400U
Calcium 171,000 370,000 * 2,320,000 * 310,000 *
Calcium (dissolved) 132,000 138,000 134,000 325,000 *
Chromium 100 50 38.20 I8 (dM* | 1100 17.00
Chromium (dissolved) 8.00U 8.00U 8.00U 300U
Cobalt 6.00 U 29.40 % 191.00 * 8.00
Cobalt (dissolved) 6.00 U 6.00U 6.00U 6.00U
Copper 1,300 ** | 1,000 1000 9.90 38.30 * 287 * 10.90
Copper (dissolved) 5.00U 5.00U 5.00U | 520
Iron 300 300 | 22.900 ) (e) | 107.000](c) *  667.0001(er* | 18600 (e)
Iron (dissolved) 19.00 UJ 25.40J 19.00 Uj
Lead 15 ** 50 10300 | 118 * } 1 690U
Lead (dissolved) 200U 200U 200U
Magnesium 5,480 * 15,900 * 1,820
Magnesium (dissolved) 2,990 3,410 3,230 266
Manganese 50 50 | 110(e) | A9@E* | 75406
Manganese (dissolved) 2000 6.30 200U
Mercury 2 0.05 0.10U 0.10U a 0.10U
Mercury (dissolved) 0.10U 0.10U 0.10 U 0.10U
Nickel 100 18.00 U 84.10 504(b) 18.00 U
Nickel (dissolved) 18.00 U 18.00 U 18.00 U 18.00 U
Potassium 3,950 12,100 * 46,400 * 18,100 *
Potassium (dissolved) 970 U 970 U 2,200 18,600 *
Selenium 50 10 2.00UJ 20.00 UJ 20.00 UJ 2.00U)
Selenium (dissolved) 2.00 UJ 2.00 UJ 2.00UJ 2.00U]
Silver 100 6.00U 7.30 4420 6.00 U
Silver (dissolved) 6.00 U 6.00U 6.00 U 6.00U
Sodium 100,000 10,900 11,200 23,300 * 25,500 *
Sodium (dissolved) 10,700 * 11,400 * 14,400 * 28,400 *
Thallium 2 20.00U 200U 2.00 UJ 2.00U
Thatlium (dissolved) 200U 200U 20.00 U 200U
Vanadium 56.50 * 204 * 498 * 4230 *
Vanadium (dissolved) 15.20 16.80 1

Zinc 5,000 50 49.20) b 2183 L 2

Zinc (dissolved) S 35.40]

Nitrates 10,000 5,000 170 100U

Shaded cell indicates concentration exceeds one or more criteria
J =Estimated concentration
UJ = Estimated nondetection
U = Detected below reported detection limit
R = Data rejected due to QC difficulties

(a) Exceeds VGS
{(b) Exceeds federal MCL
(c) Exceeds federal SMCL

{d) Exceeds federal MCL and VGS
(e) Exceeds SMCL and VGS

* Compound present at a concentration greater than twice the
maximum background concentration detected in the samples



Round One Inorganic Concentrations in Surface Water (ug/L)

Table 1-3
SITE ID VWQS CWA 1SW05-001 | 1SW06-001 | 1SW06-101 | 1SW07-001 1SW08-001
ANALYTE Criteria Criteria
Aluminum 7,650 4,120 4,940 599 462
Aluminum (dissolved) 4940U 37.00U 37.00U 3500U 35.00U
Antimony 44.00U 44.00U 44.00U 44.00 U 4400 U
Antimony (dissolved) 44000 4400 U 45.30 44,00 U 44.00U
Arsenic 190/36 20.00 UJ 20.00 UJ 20.00 UJ 20.00 UJ 20,00 U
Arsenic (dissolved) 20.00 U 20.00 UJ 20.00 U 20.00 UJ 20.00 UJ
Barium 30.70 27.90 32.10 26.00 25.80
Barium (dissolved) 32.60 29.70 31.80 44 .90 27.00
Beryllium 1.00 U 1.00U 1.00U 1.00U 1.00U
Beryllium (dissolved) 1.00 U 1.00U 1.00U 1.00U 1.00U
Cadmium -/9.3 1.1/-- 4000 4.00U 400U 4000 400U
Cadmium (dissolved) 400U 400U 400U 400U 400U
Calcium 119,000 158,000 165,000 189,000 200,000
Calcium (dissolved) 120,000 150,000 147,000 188,000 201,000
Chromium 11/50 18.50 8.00 800U 8.00U 8.00U
Chromium (dissolved) 800U 3.00U 8.00U 8.00U 8.00U
Cobalt 6.00 U 6.00U 6.00 U 6.00U 6.00 UJ
Cobalt (dissolved) 6.00U 6.00 U 6.00 U 6.00U 6.00 UJ
Copper -~/2.9 1229 | 297040) | 920¢c) | 3100(c) | 500U
Copper (dissolved) 500U 500U 500U 500U
Iron 12,800 6,510 8,320
Iron (dissolved) 67.60 U 19.00U 19.00 U
Lead 3.2/8.5 20.00 UJ 20.00 UJ 20.00 UJ
Lead (dissolved) 200U 200U 200U 1001
Magnesium 357,000 * 498 000 * 524,000 * 699,000 *
Magnesium (dissolved) 359,000 * 468,000 * 460,000 * 590,000 * 706,000 *
Manganese 239 170 201 92.10 83.90
Manganese (dissolved) 83.70 87.80 86.30 53.70 51.80
Mercury 012/.025 | .012/.025 0.10U 0.10U 0.10U 0.10U 0.10U
Mercury (dissolved) 0.10U 0.10U 0.10U 0.10U0 B _
Nickel --/8.3 160/83 | 2370¢c) | 2030 (c)% 870 | 1800U 18.00 U
Nickel (dissolved) 18.00U 18.00 U 18.00 U 18.00 U 18.00 U
Potassium 123,000 * 163,000 * 173,000 * 189,000 * 222,000 *
Potassium (dissolved) 126,000 * 159,000 * 159,000 * 193,000 * 224,000 *
Selenium 5/71 5/71 20.00 UJ 20.00 UJ 20.00 UJ 20.00U 20.00 UJ
Selenium (dissolved) 2.00UJ 2.00UJ 2.00UJ 20.00 UJ 20.00 UJ
Silver 6.00 U 6.00U 6.00U 6.00 U 6.00 UJ
Silver (dissolved) 6.00U 6.00U 6.00 U 6.00 U 6.00 UJ
Sodium 3,090,000 * | 4,280,000 * | 4450000 * | 5,150,000* | 5,490,000 *
Sodium (dissolved) 3,140,000 * | 4,080,000 * | 4,050,000* | 4,990,000* | 5550,000 *
Thallium 20.00 UJ 20.00 UJ 20.00 UJ 20.00 UJ 20.00 UJ
Thallium (dissolved) 20.00 UJ 20.00 UJ 20.00 UJ 20.00 UJ 20.00 UJ
Vanadium 17.80 14.70 16.10 13.60 6.00 U
Vanadium (dissolved) 6.00U 6.00 U 9.50 12.20 6.00U
Zinc --/86 110/86 58.60 41.20 44.90 9.30 15.20
Zinc (dissolved) 1290 U 9.10U 9.60U 8.60 15.70




Round One Inorganic Concentrations in Surface Water (ug/L)
Table 1-3 (continued)

TGS

SITE ID CWA 1SW09-001 1SW10-001 3SW01-001 | 3SW02-001
ANALYTE Criteria | Criteria

Alyminum 669 69.10 2,220 2,230
Aluminum (dissolved) 75.60 U 3500U 50.40 U 103U
Antimony 44.00U 44000 60.00 U 44,00 U
Antimony (dissolved) 44.00U 4400 U 60.00 U 44.00U
Arsenic 190/36 200U 54017 2.00UJ 2.10]
Arsenic (dissolved) 2.70 3.607J 2.00UJ 2.00UJ
Barium 30.40 42.80 23.60 20.40
Barium (dissolved) 31.80 45.90 17.10 29.70
Beryllium 1.00U 1.00U 1.00 U 1.00U
Beryllium (dissolved) 1.00U 1.00U 1.00U 1.00U
Cadmium -~/9.3 1.1/-- 400U 400U 7.00U 400U
Cadmium (dissolved) 400U 4000 700U 4000
Calcium 62,500 7,190 70,800 48,600
Calcium (dissolved) 60,900 5,350 73,000 45,400
Chromium 11/50 800U 800U 9.00 U 13.70
Chromium (dissolved) 800U 8.00U 900U 8.00 U
Cobalt 600U 6.00 U 9.00U 6.00U
Cobalt (dissolved) 6.00U 6.00 U 200U 6.00U
Copper --/2.9 1229 | 1000@© 500U C 12obey | 500U
Copper (dissolved) 5.00U M2 ] 800U 500U
Iron 1,720 6,660 4,110 4,060
Iron (dissolved) 112U 1,350 * 217 452
Lead 3.2/8.5 200U | 2060F 200U 2.80 7]
Lead (dissolved) 200U 2.00UJ 200U 200U
Magnesium 17,900 670 131,000 J 88,200
Magnesium (dissolved) 16,700 708 135,000 J 83,800
Manganese 57.30 840 128 168
Manganese (dissolved) 4220 57.40 93.20 134
Mercury 012/.025 | .012/.025 0.10U 0.10U 0.10U 0.10R
Mercury (dissolved) 0.10U 0.10U 0.130 0.10U
Nickel /8.3 160/8.3 18.00 U 18.00 U 20.00U 18.00 U
Nickel (dissolved) 18.00 U 18.00U 20.00U 18.00 U
Potassium 6,770 1,680 50,600 30,900
Potassium (dissolved) 5,460 970U 52,000 28,700
Selenium 5/71 5/71 2.00 U7 2000 2.00 UJ 2.00UJ
Selenium (dissolved) 2.00UJ 200U 2.00UJ 2.00UJ
Silver 600U 600U 10.00 R 6.00 U
Silver (dissolved) 6.00 U 6.00U 10.00 R 6.00 U
Sodium 125,000 1,010 1,630,000 673,000
Sodium (dissolved) 119,000 1,260 J 1,270,000 685,000
Thalliom 2.00U] 2.00 UJ 20.00 UJ 2.00UJ
Thallium (dissolved) 2.00UJ 2.00 UJ 2.00UJ 2.00 UJ
Vanadium 6.00U 6.00U 15.40 13.30
Vanadium (dissolved) 6.00U 6.00U 14.00 6.00U
Zinc --/86 1106/86 17.90 21.60 23.30 22.30
Zinc (dissolved) 9.70 U 28.20 10.70 13.40U

Shaded cell indicates concentration exceeds one or more criteria
(a) Exceeds CWA salt water chronic criteria

(b) Exceeds VWQS salt water chronic criteria
(¢) Exceeds VWQS and CWA salt water chronic criteria
(d) Exceeds CWQ) fresh water chronic criteria

J = Estimated Concentration
UJ = Estimated nondetection
U = Detected below reported detection limit
R = Data rejected due to QC difficulties

*Compound present at a concentration greater than twice
the maximum background concentration detected in the
samples collected as part of the Round 1 Rl field activities



Round One Inorganic Concentrations in Sediment (mg/kg)

Table 1-4
SITEID | NOAA | NOAA | NOAA | 1SD05-001 | 1SD05-002 | 1SD06-001 | 1SD06-101 | 1SD06-002 | 1SD06-102 | 1SD07-001
ANALYTE | ER-L | ER-M | AET
Aluminum 8410 10100 9590 5860 7610 8580 5640
Antimony 2 25 25 232000J | 19.300UJ | 245000 | 20,700 U3 | 2120003 | 2170007 | 112 aﬁ
Arsenic 33 85 50 8.7 9.6 94 5 9.1 9.4 3300
Barium 19.3 22 20.6 12.9 18 193 10.7
Beryllium 0.84 * 0.84 * 0.89 * 0.52 0.92 * 0.74 * 0.4
Cadmium 5 9 5 2110 U 1.760 U 2230U 1.880 U 1.930 U 1.980 U 1.000 U
Calcium 1930 1860 2230 1560 1620 1680 904
Chromium 80 145 225 | 896*(a) 25.1 13.2 20.1 20.9 143
Cobalt 6.8 9.1 5.1 4.1 6.9 52 3,500 U
Copper 70 390 300 14.7 20.7 18.9 119 16.3 25.4 6
Tron 27500 31900 31000 19000 29000 29400 10900
Lead 35 110 300 21.500] 222007 21.600 ] 16.900 J 17.400 J 21.600J 9.1
Magnesium 5540 5780 5990 4310 4950 5300 2730
Manganese 191 260 194 124 228 222 67.8
Mercury 0.15 1.3 1 0.130 U 0.110 U 0.140U 0.130 U 0.130 U 0.130 U 0.060 U
Nickel 30 50 16.1 “T62% (@ | 10.000U 12.9 13.9 14.6 7.8
Potassium 3090 3010 2970 1760 2550 2440 1510
Selenium 9.800 UJ 8430 UJ | 11.100UJ | 9.600UJ | 10200UJ | 9.850 UJ 0.490 U
Silver 1 2.2 17 3,170 UJ 2.640 UJ 3.340 UJ 2.830 UJ 2.890 UJ 2.970 UJ 1.490 U
Sodium 12200 9560 13300 12300 11000 10600 6430
Thallium 0.980 UJ 0.840 UJ 1.110 UJ 9.600 UJ 1.020 UJ 0.990 UJ 0.490 UJ
Vanadium 30.8 31.8 324 18.3 26.1 2738 14
Zinc 120 270 260 932 108 101 68.1 69 84.3 39.7




Round One Inorganic Concentrations in Sediment (mg/kg)
Table 1-4 (continued)

SITE ID NOAA | NOAA | NOAA | 1SD07-101 | 1SD07-002 | 1SD08-001 | 1SD08-002 | 1SD09-001 | 1SD09-0062 | 1SD10-001
ANALYTE | ER-L. | ER-M | AET
Aluminum 14600 13800 11100 13900 2840 1630 2010
Antimony 2 25 25 27.300U 19.100 U 33.700 U 31.000 U 14.100 UJ 12.700 UJ 11.300 U
Arsenic 33 83 50 9.400J 123007 6.5 9.6 29 1.9 3.200J
Barium 28.8 272 20.1 28.2 6.5 3.6 4.8
Beryllium 1.1* 091 * 1.5 * 1.7* 0.320U 0.290 U 0.260U
Cadmiym 5 9 5 2480U 1.730U 3.070U 2.820U 1.280 U 1.150U 1.020 U
Calcrum 4380 2020 3090 2560 1000 870 77.8
Chromium 80 145 36.7 343 284 386 6.4 39 6.3
Cobalt 10.4 9.8 5.3 13.2 24 1.730 U 2.000U
Copper 70 390 300 19.3 17.9 11.4 19.8 1.600 U 1.440U 1.280U
Iron 29000 29800 25200 34800 8690 5630 3980
Lead 35 110 300 26 247 245 274 8.200 ] 4.2001] 33
Magnesium 7200 5700 6640 6780 1840 772 333
Manganese 187 172 190.000J 263.000J 64.9 36.4 9.8
Mercury 0.15 1.3 1 0.160 U 12.000 U 0.210U 0.190 U 0.080 U 0.080 U 0.060 U
Nickel 30 50 18.2 20 13.800 U 20.6 5.760 U 5200U 4.610U
Potassium 3850 3240 2740 3980 1050 352 431
Selenium 1.280 UJ 0.920 UJ 1.540 UJ 1.460 UJ 6.050 UJ 0.560 UJ 0510U
Silver 1 22 1.7 3.720U 2.600U 4.600 UJ 4.220 UJ 1.920 UJ 1.730 UJ 1.540 U
Sodium 16300 7830 19200 11800 4110 1090 19.6
Thallium 12.8300 U 0.920 UJ 15.400 UJ 1.460 UJ 0.610.UJ 0.560 UJ 05100
Vanadium 34.6 384 29.7 9.6 4.7 6.2

| Zinc 120 270 260 109 89 100.000 J 354 17.1 6.7




Round One Inorganic Concentrations in Sediment (mg/kg)
Table 1-4 (continued)

SITE ID NOAA | NOAA | NOAA | 1SD10-002 | 1SD11-001 | 1SD11-002 | 1SD12-001 | 1SD12-002
ANALYTE | ER-L. | ER-M | AET

Aluminum 2420 194.000J 691.000J 1790 1090
Antimony 2 25 25 10.70 11,500 UJ | 10.900 UJ 10.100 U 10300 U
Arsenic 33 85 50 1.8] 0.7507 0.790J 0.690 J 0.460 UJ
Barium 4.8 2.7007% 4,600 ) 6.8 4.1
Beryllium 0.24U 0.260 U 0.32 0.28 0.230U
Cadmium 5 9 5 1.4U 1.050 UJ 0.990 UJ 0.920U 0.930U
Calcium 90.5 576.000 ] 441.000J 460 249
Chromium 80 145 6.6 2.090) 280071 2.3 1.870 U
Cobalt 200U 1.570U 1.480U 2.400U 1.700 U
Copper 70 390 300 1.3 1.8007J 2.900) 1.150 U 1.170 U
Iron 3850 653.000 J 833.0007] 2570 1600
Lead 35 110 300 2.5 1.3007 2.800] 5 1.8
Magnesium 388 32900 U 513 144 102
Manganese 8.6 6.200J 4.6007J 429 7.3
Mercury 0.15 1.3 1 0.06U 0.070 U 0.070 U 0.060 U 0.060U
Nickel 30 50 438U 4.700 U 5.5 4.140U 4200U
Potassium 721 253.000U | 240.000U | 223.000U | 226.000U
Selenium 0.50U 0.520 UJ 0.500 UJ 05701 0.460 U
Silver 1 22 1.7 1.46U 1.540 UJ 1.560 UJ 1.380 U 1.400 U
Sodium 394 48.6 117 89.6 44.8
Thallium 0.50U 0.520 UJ 0.500 UJ 0.470 U 0.460 U
Vanadium 7.1 1.570 U 1.8 4.1 1.9
Zinc 120 270 260 7.1 14.500] 12.900 J 14.1 7.2




Round One Inorganic Concentrations in Sediment (mg/kg)
Table 1-4 (continued)

SITE ID 3SD01-001 | 3SD01-002 | 3SD02-001 | 3SD02-002
ANALYTE

Aluminum 4910 2980 8460 9690
Antimony 26.000 U 17.400 U 35.800 UJ | 27.300 UJ
Arsenic 3.9 3.6 5.7 14.1
Barium 12.4 7.3 20.8 22
Beryllium 0.430 U 0.290U 11* 0.99 *
Cadmium 3.030U 2030U 3.260U 2480 U
Calcium 1050.000J | 1040.000] 2280 2690
Chromium 15.200) 7.900 ) 16.7 21.7
Cobalt 3.890 U 26100 4890 U 4.8
Copper 8.4 5.3 23.8 22.7
Iron 12700.000J | 8870.0001] 23600 36400
Lead 11.3 7.8 23.2007] 29.100J
Magnesium 2700 1140 5490 4850
Manganese 80.000J 48,3001 171 210
Mercury 0.110U 0.070 U 0.210U 0.160 U
Nickel 11.200U 5790 U 17.1 13.7
Potassium 1660 799 2900 2460
Selenium 0.860 UJ 0.580 UJ 16.100 UJ 12.400 UJ
Silver 4300 U 2900 U 4.890 UJ 3.720 UJ
Sodium 6300 1620 11900 4190
Thallium 0.860 UJ 0.580 UJ 16.100 UJ 1.240 UJ
Vanadium 11.8 10.1 28.4 31.8
Zinc 44.1 26.6 101 88.6

Shaded cell indicates concentration exceeds NOAA sediment screen criteria

(a)Exceeds NOAA Effects Range - Low (ER-L) level

(b)Exceeds NOAA Effects Range - Median (ER-M) level
(¢ ) Exceeds NOAA Apparent Effects Threshold (AET)
J = Estimated concentration
UT = Estimated nondetection
U = Detected below reported detection limit
R = Data rejected due to QC difficulties
*Compound present at a concentration greater than twice the maximum background
concentration detected in the samples collected as part of the Round I RI field activities.
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2.0 STUDY AREA INVESTIGATION

This section describes the Round Two field sampling activities conducted during the RI at Sites 1
and 3. The objectives of the study, individual media investigated, sampling procedures, and
sampling locations are discussed. This section also discusses Quality Control (QC) procedures

conducted during the sampling as well as management of the Investigation Derived Waste (IDW).

2.1 Introduction

The Round Two field program at Sites 1 and 3 was designed to provide information necessary to
characterize potential human health effects and ecological impacts resulting from previous site
activities. The following subsections present the sites and RI/FS objectives that will be used in the

human health and ecological Risk Assessments (RAs) for each site.

Data gathered during the Round One RI indicated potential groundwater contamination within the
area of monitoring well IGW12 at Site 1 and in subsurface soil and groundwater at Site 3. However,
the extent of potential contamination could not be defined. In addition, soil samples were collected
from the 0- to 2-foot interval, which is no longer consistent with 0- to 6-inch soil samples used in
human health risk assessments. Therefore, the field program conducted at Sites 1 and 3, under this
investigation, was designed to further evaluate the extent of contamination in surface soil, subsurface
soil, groundwater, surface water, sediment, and biota to provide data for human health and
ecological risk assessments. Included in these objectives is to define the vertical extent of the buried
debris at the landfill areas at both sites. Objectives of the RI/FS conducted for Sites 1 and 3 are

summarized in Table 2-1.

2.2 Round Two Field Sampling Program

The field investigation at Sites 1 and 3 commenced in late January 1996 and continued until the mid
February 1996. Groundwater monitoring wells were installed, test pits were excavated, and surface
soil, subsurface soil, and groundwater samples were collected. Surface water, sediment, and biota
samples were also collected within Indian Field Creek. These activities are outlined in the following

subsections.
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2.2.1 Soil Investigation

The soil investigation for Sites 1 and 3 included the collection of both surface and subsurface soil
samples in accordance with the Final Work Plan for Sites 1 and 3 (Baker, 1996a). Surface soil
samples were collected with stainless-steel spoons and subsurface soil samples were collected with
a backhoe during the excavation of test pits or with a drill rig (split-spoon and shelby tube samplers)
during the installation of monitoring wells. A summary of the surface soil sampling program at Sites
1 and 3, including sampling locations, the sampling date, and analytical parameters is provided in
Table 2-2. Table 2-3 provides similar information for subsurface soils. Surface and subsurface soil

sampling locations are presented in Figures 2-1 and 2-2, respectively.

2.2.1.1 Surface Soil Sampling

Surface (0- to 6-inch bgs) soil samples at Sites 1 and 3 were collected at monitoring well locations
and throughout the landfill areas. The surface soil sample locations are presented on Figure 2-1. The
surface soil were collected using stainless-steel sampling spoons; aluminum pie pans were used to
composite the soil. The first inch of grass, matted roots, and /or humus material were removed prior
to sample collection. The samples were placed in the appropriate containers and submitted for
laboratory analysis. The samples were prepared according to USEPA Region III SOPs, Section 3.8
of the Final Master FSP (Baker, 1994a), and Section 4.1.1, and 4.2.1 of the Final Work Plan for
Sites 1 and 3 (Baker, 1996).

The surface soil samples were analyzed for TCL semivolatile organics, nitramine compounds,
pesticides/PCBs, TAL inorganics, and pH. Table 2-2 summarizes the analytical program for surface

soil investigation.

Site 3 Confirmation Sampling

On August 26, 1996, six soil samples were collected to confirm the elevated SVOC concentrations
detected in surface soil sample 3SS10 as shown on Figure 2-1. Five (3SS10A, 3SS10C through
3SS10F) of the samples were collected at the approximate location of 3SS10 at a spacing of 15 feet.
One sample (3SB10B) was collected at the 3SS10A location at a depth of 1.5 - 2.0 ft. bgs.



All six of the samples were analyzed for TCL semivolatile organics as shown on Table 2-2.

2.2.1.2 Subsurface Soil Sampling

Subsurface (deeper than 6-inches bgs) soil samples were collected from soil borings and test pits to
evaluate the horizontal and vertical extent of potentially impacted soil and for the RA evaluation

purposes. Figure 2-2 presents subsurface soil sampling locations for Sites 1 and 3.
Soil borings

Subsurface soil borings were drilled at Sites 1 and 3 to collect subsurface soil samples and install
monitoring wells for groundwater sampling. All soil borings, whether or not they were sampled for
chemical analysis, were advanced using a split-spoon sampler and hollow-stem augers. Standard
operating procedures (SOPs) for soil boring advancement and subsurface soil sampling are presented

in the Final Master FSP (Baker, 1994a).

Seven boreholes, shown in Figure 2-2, were advanced at Site 1 to facilitate monitoring well
installation and to further characterize the subsurface soil. Five of the soil borings (1SB/GW12A,
1SB/GWO018, 1SB/GW19, 1SB/GW20, and 1SB/GW21) were advanced around 1GW12 (where
organic solvents were detected in the shallow groundwater during previous investigations) to assess
a relationship between the subsurface soil and groundwater. Four soil borings (1SB/GW21,
1SB/GW12A, 1SB/GW12B, and 1SB/GW13A) were advanced to facilitate deeper monitoring well
(Type 1) installation and to characterize the deeper subsurface soil. Two thin walled open (shelby)
tube samples were collected during advancement of soil borings 1SB/GW12A and 1SB/GW13A.
The samples were obtained within a thin discontinuous cohesive layer (63- to 65-feet bgs) at
I1SB/GW12A and a low conductivity zone (11- to 13-feet bgs) corresponding to the Cornwallis Cave
confining unit at 1SB/GW13A. The shelby tube samples were collected according to American
Society for Testing and Materials (ASTM) Method D1587- 83 (04.08) (ASTM, 1983) and analyzed
for vertical hydraulic conductivity, grain size (siéve and hydrometer), Atterberg limits, moisture
content, specific gravity, pH and Eh. Additional information on site specific geology and

hydrogeology and the results of the shelby tube testing are presented in Section 3.2.2.
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Four boreholes, shown in Figure 2-2, were advanced at Site 3. All of the soil borings (3SB/GW08A,
3SB/GW15A, 3SB/GW19 and 3SB/GW19A) were advanced around the site to further characterize
the subsurface soil. Soil borings 3SB/GW08A, 3SB/GW15A, and 3SB/GW19A were advanced to

facilitate deeper monitoring well installation and to characterize the deeper subsurface soil.

From each of these borings, three soil samples were collected; one sample from the surface, one
from the subsurface, and one from just above the top of the water table. The sampling protocols

were described in Section 3.9 of the Final Master FSP (Baker, 1994a) and Sections 4.1.1 and 4.2.1

e
I

of the Final Work Plan for Sites 1 and 3 (Baker, 1
The subsurface soil samples were analyzed for TCL volatile organics, TCL semivolatile crganics,
nitramine compounds, pesticides/PCBs, TAL inorganics, and pH. Table 2-3 summarizes the

analytical program for subsurface soil investigation.

Each split-spoon was classified visually by the on-site geologist. Lithological descriptions of the

soil are provided on the Test Boring Records and Well Construction Records in Appendix 2A.

- Specific sampling and soil classification procedures are outlined in Sections 4.1.1 and 4.2.1 of the

Final Work Plan for Sites 1 and 3 (Baker, 1995) and Section 3.9 of the Final Master FSP (Baker,
1994a) for WPNSTA Yorktown.

Soil cuttings and drilling water generated during the drilling program (i.e., IDW) were containerized

and handled according to the procedures outlined in Section 2.3.

Shelby Tube sampling

Six thin walled open (shelby) tube samples were collected within the central portion of each landfill
(both Sites 1 and 3) from depths of 0- to 2-feet bgs as shown on Figure 2-2 to determine the landfill
cap composition. The samples were collected according to ASTM Method D 1587-83 (04.08)
(ASTM, 1983) and analyzed for vertical hydraulic conductivity, grain size (sieve and hydrometer),
Atterberg limits, moisture content, specific gravity, pH and Eh. Results of the analysis are presented

in Section 3.2.2.
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Test Pits

A total of eight test pits were excavated at Sites 1 and 3 to characterize and sample the subsurface
soil, and to define the vertical extent of the buried material within the landfill areas. A summary of
the locations and subsurface soil samples collected from the test pits are presented on Figure 2-2
and Table 2-3, respectively. The test pits were performed using level B personal protection and were
excavated with a backhoe achieving depths of 3- to 9-feet bgs upon encountering natural soil. Test
pitting activities were monitored by an ordnance subcontractor with geophysical instruments to
direct the backhoe operator in location and depth of each bucket. Results of test pitting activities
are presented in Section 4.0 and on Table 4-26. Test pit logs of the excavated trenches are presented

in Appendix 2A.
2.2.2 Groundwater Investigation

The Round Two RI groundwater sampling program developed for Sites 1 and 3 was designed to
determine if former site activities adversely impacted the quality of groundwater. Moreover, the
program was developed to consider potential human health and ecological risks associated with the

Contaminants of Potential Concern (COPCs).

In general, the field procedures and sampling methods employed for the groundwater investigation
were implemented in accordance with USEPA Region III SOPs. These procedures also included
sample héndling and preservation, documentation, and chain-of-custody procedures. Specific
sampling procedures are outlined in Section 4.2.2 of the Final Work Plan for Sites 1 and 3 (Baker,

1996) and Sections 3.14 and 3.15 of the Final Master FSP (Baker, 1994a) for WPNSTA Yorktown.

2.2.2.1 Monitoring Well Installation

As mentioned in Section 2.2.1.2, two types of monitoring wells were installed during this field
program, Type II (shallow, no surface casing) and Type III (deep, surface casing) monitoring wells.
Each type is briefly described in the following subsections; additional detail is located in
Section 4.1.2. of the Final Work Plan for Sites 1 and 3 (Baker, 1996). Refer to Section 3.3 for a

discussion of aquifers.
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222.1.1 Type II Monitoring Wells

Three shallow Type II monitoring wells (1IGW18, IGW19 and 1GW20) were installed as shown
on Figure 2-2 at Site 1 where a significant shallow groundwater unit (the equivalent of the
Columbia Aquifer) was encountered. Groundwater was encountered at depths of 4- to 5-foot bgs and
the total depth of the monitoring wells ranged from 10- to 18-feet bgs. Four (shallow and deep)
monitoring wells 3GWO08A, 3GW15A, 3GW19, and 3GW19A) were installed at Site 3, at the
locations shown on Figure 2-2. Groundwater was encountered at depths ranging from 25- to 32-feet
bgs and the total depth of monitoring wells ranged from 45- to 81-feet bgs. A shallow groundwater
unit, similar to the one at Site 1, was not encountered when installing these wells; therefore, the
wells were installed at greater depths and surface casing was not required. In addition, the depths
of the wells were designed to monitor the upper and lower aquifer zones. Refer to the cross-sections
in Section 3.0 for graphical depictions of monitoring well depths and their vertical positions within

the aquifers at Sites 1 and 3.

Well construction details for the existing and newly installed type II wells are summarized on
Table 2-4 and are shown on the Well Construction Records provided in Appendix 2A. Typical
shallow monitoring well construction details are shown on Figure 2-3 for above ground completion.
Specific monitoring well installation procedures are outlined in Sections 4.1.2 and 4.2.2 of the Final
Work Plan for Sites 1 and 3 (Baker, 1995) and Sections 3.10 and 3.11 of the Final Master FSP
(Baker, 1994a) for WPNSTA Yorktown.

22212 Type 111 Monitoring Wells

Type III (i.e., outer casing installed) deep monitoring wells were installed only at Site 1 where a
significant volume of shallow below ground surface groundwater was encountered. The
groundwater extened to a maximum depth of 17 feet below ground surface where a cohesive soil
layer inhibited downward flow. These wells were screened within the undivided Cornwallis
Cave/Yorktown-Eastover aquifer using of hollow stem auger techniques and are shown on

Figure 2-2.

Four type III monitoring wells (IGW12A, IGW12B, IGW13A and 1GW21) were installed at Site 1,
and the well depths ranged from 40- to 75-feet bgs. Well construction details for the newly installed
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deep wells are summarized on Table 2-4 and are shown on the Well Construction Records provided
in Appendix 2A. The steel surface casing was installed a minimum of two feet into the Cornwallis
Cave Confining unit to insure a proper seal between strata. This seal will mitigate the potential
downward migration of perched groundwater along the borehole/well interface. The surface casing
was grouted in place and allowed to set overnight. The borehole was then advanced through the
10-inch casing and the well was completed in the underlying Cornwallis Cave/Y orktown-Eastover
aquifer. Subsequent monitoring well installation and construction procedures were the same as those
employed for the shallow monitoring wells except that a bentonite slurry was placed above the sand
pack in place of the bentonite pellets. The top of the sand pack remained at least two feet below the
bottom of the confining unit. Typical Type III monitoring well construction details are shown on

Figure 2-4 for above ground completion.
2.2.2.2 Well Development

Following well construction and curing of the bentonite and grout seals (i.e., 48 hours or more), each
newly installed well was developed to remove fine-grained sediment from the screen and to establish
interconnection between the well and the hydrogeological formation. The monitoring wells were
developed by a combination of surging and bailing (with disposable polyethylene bailers) or
pumping (Waterra or centrifugal above ground pumps). All equipment (i.e., bailers and
polyethylene tubing) lowered down the monitoring wells were dedicated to that specific monitoring
well and discarded following use. Specific well development procedures are outlined in Section 3.12
of the Final Master FSP (Baker, 1994a) and in Section 4.1.2.2 of the Final Work Plan for Sites 1 and
3 (Baker, 1996).

Measurements of pH, specific conductance, and temperature were recorded to assist in determining
well stabilization. Well Development Forms summarizing this information are provided in

Appendix 2B.

2.2.2.3 Groundwater Sampling

The following subsections describe the groundwater sampling procedures, and the analytical
requirements for the groundwater samples collected. The samples were collected to confirm the

presence or absence of contaminants and evaluate overall groundwater chemistry. Groundwater
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samples were collected from seven newly installed monitoring wells, six existing monitoring wells
at Site 1, and two existing wells at Site 11 for the Site 1 sampling program. Four newly installed and
five existing monitoring wells were sampled at Site 3. Figure 2-2 shows the well locations.
Groundwater sampling procedures, discussed below, were performed in accordance with USEPA

Region IIT SOPs.

22231 Procedures

Prior to groundwater purging, water levels from each well were measured and well volumes were
calculated according to section 4.1.2.2 of the Final Master FSP (Baker, 1994a) for WPNSTA
Yorktown. Following well volume calculations, a minimum of three to five well volumes were
purged from each well prior to sampling. Water was purged from each well using either a
disposable polyethylene bailer, a Waterra pump or a low flow peristaltic pump. Low flow pumping
was utilized when the static water {evel within the monitoring well was less than 20-feet bgs. When
the static water level was greater than 20-feet bgs purging was completed by using both bailers and
the Waterra pump. Purge water was containerized and handled as described in Section 2.5 of this
report. Section 4.2.2 of the Final Work Plan for Sites 1 and 3 (Baker, 1996) outlines the protocol

for purging wells.

Groundwater samples were collected using either disposable polyethylene bailers dedicated to each
monitoring well or a low flow pump with dedicated tubing. The samples were introduced into
laboratory-prepared and certifies, preserved sample containers and stored on ice. Sample bottles for
the VOC analysis were filled first, followed by SVOCs (including pesticides/PCBs and nitramines),
TAL inorganics, and finally the engineering/water quality parameters. Samples analyzed for
dissolved inorganics were filtered in the field or were collected in laboratory-prepared and certified
bottles and filtered prior to placement in preserved bottles for shipment to the laboratory. The
samples were filtered through a disposable 0.45 micron membrane. A peristaltic pump was used for

the filtering procedure.

Preparation of groundwater samples incorporated procedures similar to those described for the other
samples. Sample collection information, including well number, sample identification number,
time, date, samplers, and analytical parameters, was recorded in the field logbook and on the sample

labels. Chain-of-custody documentation accompanied the samples to the laboratory. Specific
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sampling procedures are outlined in Section 4.2.2 in the Final Work Plan for Sites 1 and 3 (Baker,
1996) and Section 3.15 of the Final Master FSP (Baker, 1994a) for WPNSTA Yorktown. The

analytical program for the groundwater investigation is summarized in Table 2-5.

2.2.2.4 Water Level Measurements and Surveying

Static water level measurements were collected twice during the field investigation from
top-of-casing (TOC) reference points at each newly installed well and existing wells after they were
developed. Measurements were also collected from the five staff gauges installed within Indian
Field Creek and the small unfilled sand borrow pit at Site 1. Water level data was used to evaluate
groundwater flow patterns (i.e., horizontal hydraulic gradient) and help estimate the groundwater/
surface water interaction at the site. Measurements were recorded using an electric measuring tape
to the nearest 0.01-foot. The water level measurements were collected on February 12 and 14 and

are presented in Table 2-6.

After drilling was completed, all on-site monitoring wells and staff gauges were surveyed to
establish vertical elevation in relation to mean sea level (msl) and horizontal control. Vertical
accuracy of each well (established to TOC at each well) 'was measured to 0.01 foot and horizontal
accuracy to within 0.01 foot. Control was established by using horizontal and vertical control points
near the site that are tied into the Virginia State Plan Coordinate System. A registered surveyor in
Virginia (Patton, Harris, Rust, and Associates, P.E.) was retained to perform the survey. Specific
procedures are outlined in Section 4.3.1 of the Final Work Plan for Sites 1 and 3 (Baker, 1996) and
Sections 3.17 and 3.21 of the Final Master FSP (Baker, 1994a) for WPNSTA Yorktown.

2.2.2.5 In-Situ Hydraulic Conductivity Testing Procedures

In situ hydraulic conductivity tests ("slug tests") were performed in three monitoring wells at Site 1
and one monitoring well at Site 3 after the groundwater sampling was completed to determine
aquifer hydraulic conductivity in the vicinity of the well. The tests were performed using solid PVC
slugs and clean bailer rope. A pressure transducer attached to an electronic recording device
(Hermit™ data logger) was used to record the test data. Two Type Il monitoring wells (1GW18 and
1GW19), reflecting unconfined conditions, and one Type Il monitoring well (IGW12A), reflecting

confined conditions, were chosen for in situ hydraulic conductivity testing at Site 1. One deeper
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Type Il well 3GW19A) at Site 3 was chosen for hydraulic conductivity testing. The results of the
slug tests are discussed in Section 3.3.2 and presented in Appendix 3A. Specific testing procedures

are outlined in Section 3.16 of the Final Master FSP (Baker, 1994a) for WPNSTA Yorktown.
2.2.3 Surface Water, Sediment, and Biota Investigation

Surface water and sediment samples were collected in September 1995 to ensure that the surface
water conditions are consistent with when the background samples (WPNSTA Background Report,
Baker, 1995) were collected. A summary of the Site 1 and 3 surface water sampling program
describing the sample designations, collection dates, and analytical parameters is provided in
Table 2-7. A summary of the Site 1 and 3 sediment sampling program is provided in Table 2-8.
Surface water and sediment locations are presented on Figure 2-5. The locations were chosen to
coincide with the aquatic ecological sampling stations. Surface water and sediment field data forms

are provided in Appendix 2C.
2.2.3.1 Surface Water

The data from surface water investigation conducted at Sites 1 and 3 within Indian Field Creek was
used to assess potential impacts to the environment from Sites 1 and 3 and used in conjunction with

the biota data in the ecological RA.

Five surface water and sediment sampling stations were identified to characterize the southern
portion of Indian Field Creek (Figure 2-5). These sample locations were chosen to coincide with
the aquatic ecological sampling described in Section 2.2.3.3. One surface water sample was
collected from midstream at each sampling location except at 1SW/SD13 and 1SW/SD14 where the

creek bed was dry therefore, only sediment samples were collected.

Samples were collected to represent surface water ambient conditions. Surface water was collected
directly into a laboratory-supplied and certified sample bottle. The sample bottle was placed with
the open end downstream to minimize collecting particulate matter or sediment in the water sample.
All sample containers not containing preservative were rinsed at least once with the surface water

prior to final sample collection. Downstream water samples were collected first, with subsequent
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samples taken while moving upstream. Sediment samples were collected after the water samples

to minimize sediment resuspension which might contaminate the water samples.

For those sample bottles that contained preservative (e.g., sulfuric acid, nitric acid, and sodium
hydroxide), the water was collected in a clean, decontaminated laboratory sample bottle and then

slowly transferred into the appropriate preservative-containing sample bottle.

After containerizing the volatile and semivolatile fractions the samples were filtered in the field
through a disposable 0.45 micron membrane. A peristaltic pump was used for the filtering
procedure. Sample preparation also included documentation of sample number, location, date, and
time in a field logbook and on the sample labels. Chain-of-custody documentation accompanied the
samples to the laboratory. Specific sampling procedures are outlined in Section 4.1.3 of the Final
Work Plan for Sites 1 and 3 (Baker, 1996) and Section 3.7.1 of the Final Master FSP (Baker, 1994a)
for WPNSTA Yorktown.

Table 2-7 summarizes the environmental samples to be collected and analytical parameters for the
surface water samples. In addition, analyses for temperature, dissolved oxygen, salinity, specific
conductivity, and turbidity (by Secchi disk) were performed (Appendix 2C, field data forms) on
surface water samples in the field. The procedures for performing these measurements can be found

in the Master FSP, Section 3.29 (Baker, 1994a).
2.2.3.2 Sediment

Sediment sampling was conducted at all five of the surface water/sediment sampling stations. A
summary of the sediment sampling program, outlining the sample identification, collection date,

sample interval, and analytical methods is provided in Table 2-8.

Surface (0- to 4-inches) and subsurface (4- to 8-inches) sediment samples were collected for
chemical analysis with a sediment sleeve. The coring sleeve was pushed into the sediment to a depth
of 12 inches or until refusal. The sediment samples were extruded with a decontaminated extruder

into a laboratory-supplied and certified sampling bottle.




Sediment samples were prepared according to USEPA Region III SOPs. Following sample
collection, each sample was stored on ice in a cooler. Sample preparation also included
documentation of sample number, location, date, and time in a field logbook and on the sample
labels. COC documentation accompanied the samples to the laboratory. Specific sampling
procedures are outlined in Section 4.1.3 of the Final Work Plan for Sites 1 and 3 (Baker, 1996) and
in Section 3.7 of the Final Master FSP (Baker 1994a) for WPNSTA Yorktown.

2.2.3.3 Biota Investigation

Aquatic ecological investigations were conducted at the three of the five surface water/sediment
locations as shown in Figure 2-5. No water was present at stations 1SW/SD13 and 1SW/SD14
therefore samples were not collected. In general, the field procedures and sampling methods
employed for the biota investigation were implemented in accordance with USEPA Region III SOPs.
These procedures also included sample handling and preservation and documentation procedures.
Specific sampling procedures are outlined in Section 4.1.4 for Site 1 of the Final Work Plan for
Sites 1 and 3 (Baker, 1996) and Section 3.18 of the Final Master FSP (Baker, 1994a) for WPNSTA

Yorktown.

Biota samples were collected from Indian Field Creek during the Round Two RI. Fish were
collected with hoop nets, gill nets, dip nets, and cast nets. Benthic macroinvertebrate samples were
collected with the Ponar grab sampler. Specific details on biota sampling at Sites 1 and 3 are

provided in Section 7.4.
2.3 uality Assurance/Quali ontrol Sampling Procedures

Field QA/QC samples were collected during the sampling program. These samples were obtained
to: (1) ensure that decontamination procedures were properly implemented (i.e., equipment rinsate
blanks); (2) evaluate field methodology (i.e., duplicate samples); (3) establish field background
conditions (i.e., field blanks); and (4) evaluate whether cross-contamination occurred during

sampling and/or shipping (i.e., trip blanks).

Several types of field QA/QC samples were collected and analyzed including duplicate samples,
equipment rinsate blanks, field blanks, and trip blanks. A complete discussion of the QA/QC
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procedures can be found in Section 8.0 of the Master Quality Assurance Project Plan (QAPP)
(Baker, 1994c). The QA/QC Sampling Program for soil is outlined in Table 2-9; for groundwater
in Table 2-10; for surface water on Table 2-11; for sediment in Table 2-12; and for all media in

Table 2-13.
24 Decontamination Procedures

Decontamination procedures for heavy equipment (i.e., drilling augers), personnel, and sampling
equipment were followed as per Section 3.25 of the Final FSP (Baker 1994a) for WPNSTA
Yorktown. For sampling equipment, the decontamination procedures includes a soap and water
wash with liquinox; rinse with deionized water; rinse with nitric acid; rinse with deionized water;
and a final rinse with methanol before air drying. Heavy equipment decontamination included steam
cleaning on a decontamination pad. Decontamination fluids were handled as outlined in Section 2.5

of this report.

2.5 Investigation Derived Waste Management

Solid (approximately 15 cubic yards) and liquid (approximately 3000 gallons) IDW was generated
during the field program. Solids included soil cuttings and excess split-spoon samples; liquids
included well development and purge water and decontamination fluids (i.e., water, liquinox soap

solution, methanol, and 5 percent nitric acid solution).

Containerization and handling of solids were performed in two phases. At the completion of
drilling, soil was temporarily placed into a backhoe bucket, then transported and emptied into the
roll-off box for final containerization. A composite soil sample was collected from thje roll-off box
and analyzed for full TCLP and Resource Conservation and Recovery Act (RCRA) hazardous waste
characteristic analysis. The results indicated that the soil was non-hazardous therefore, the soil

within the roll-off box was spread on site.

Liquids generated during the field program also were containerized and handled in two phases.
Initially, development and purge water from each well and the heavy equipment decontamination
water were placed in 55-gallon steel drums, then pumped into a tanker for final containerization.

Decontamination water containing acids and solvents used for cleaning small sampling equipment
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was also pumped into the tanker for final containerization. A composite water sample was collected
from the tanker and analyzed for TCL volatile organics, TCL semivolatile organics, nitramine
compounds, pesticides/PCBs, herbicides, TAL inorganics, cyanide, and RCRA characteristics. The
results indicated that the water was non-hazardous therefore it was tranported off-site and disposed
of at an off-site nd aquious IDW disposal are presented in

at an il 1€ 1. 1 < | NeENQAations 1 § an: aq

Appendix 2D.

Items of personal protective equipment (PPE), such as disposable gloves, Tyvek, and disposable
bailers were decontaminated, if appropriate, and double bagged in piastic bags and piaced in the
trash dumpster at Baker's Field Trailer. Specific procedures for decontamination are outlined in
Section 4.6.2 of the Final Work Plan for Sites 6, 7, 12, 16 SSA 16, and Background (Baker, 1994)
and Section 3.26 of the Final Master FSP (Baker, 1994) for WPNSTA Yorktown.
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TABLE 2-1

RI/FS OBJECTIVES
SITES1AND 3
NAVAL WEAPONS STATION YORKTOWN
YORKTOWN, VIRGINIA
Site and
Medium of

Concern RI/FS Objective Criteria for Meeting Objective Investigation/Study
Sites 1 and 3 Confirm limited impacts to soil from past Determine contaminant levels in surface and Soil investigation
Soil operations. subsurface soil.

Assess human health and ecological risks
associated with exposure to surface soil.

Determine contaminant levels in surface and
subsurface soil.

Soil investigation
Risk assessment

Assess areas of surface soil contamination
resulting from site run-off.

downgradient drainage areas.

Determine contaminant levels in surface soil at

Soil investigation

Define vertical extent of buried debris in
landfill areas.

Characterize the subsurface soil - determine
natural soil horizon.

Soil investigation
(Test Pitting)

Sites 1 and 3
Groundwater

Assess health risks posed by future usage of
the shallow groundwater near Sites 1 and 3.

Evaluate groundwater quality and compare to

regulatory criteria and health based action levels.

Groundwater investigation
Risk assessment

Define vertical and horizontal extent of
groundwater contamination.

Characterize on-site groundwater quality in
shallow and deeper portions of the aquifer.

Groundwater investigation

Assess potential impact to groundwater from
contaminated soil.

Characterize on-site groundwater quality.

Soil investigation
Groundwater investigation

Define hydrogeologic characteristics for fate
and transport evaluations and remedial
technology evaluation, if required.

Estimate hydrogeologic characteristics of the
shallow aquifer (flow direction, transmissivity,
permeability).

Groundwater investigation

Sites 1 and 3
Surface Water

Assess the presence or absence of surface
water contamination in drainage ditches.

ditches.

Determine surface water quality along drainage

Surface water investigation




TABLE 2-1

RI/FS OBJECTIVES
SITES1 AND 3
NAVAL WEAPONS STATION YORKTOWN
YORKTOWN, VIRGINIA
Site and
Medium of

Concern RI/FS Objective Criteria for Meeting Objective Investigation/Study
Sites 1 and 3 Confirm limited impacts to soil from past Determine contaminant levels in surface and Soil investigation
Soil operations. subsurface soil.

Assess human health and ecological risks
associated with exposure to surface soil.

Determine contaminant levels in surface and
subsurface soil.

Soil investigation
Risk assessment

Assess areas of surface soil contamination
resulting from site run-off.

Determine contaminant levels in surface soil at
downgradient drainage areas.

Soil investigation

Define vertical extent of buried debris in
landfill areas.

Characterize the subsurface soil - determine
natural soil horizon.

Soil investigation
(Test Pitting)

Sites 1 and 3
Groundwater

Assess health risks posed by future usage of
the shallow groundwater near Sites 1 and 3.

Evaluate groundwater quality and compare to

regulatory criteria and health based action levels.

Groundwater investigation
Risk assessment

Define vertical and horizontal extent of
groundwater contamination.

Characterize on-site groundwater quality in
shallow and deeper portions of the aquifer.

Groundwater investigation

Assess potential impact to groundwater from
contaminated soil.

Characterize on-site groundwater quality.

Soil investigation
Groundwater investigation

Define hydrogeologic characteristics for fate
and transport evaluations and remedial
technology evaluation, if required.

Estimate hydrogeologic characteristics of the
shallow aquifer (flow direction, transmissivity,
permeability).

Groundwater investigation

Sites 1 and 3
Surface Water

Assess the presence or absence of surface
water contamination in drainage ditches.

Determine surface water quality along drainage
ditches.

Surface water investigation




TABLE 2-1 (Continued)

RI/FS OBJECTIVES
SITES1AND 3

NAVAL WEAPONS STATION YORKTOWN

YORKTOWN, VIRGINIA

Site and
Medium of
Concern

RI/FS Objective

Criteria for Meeting Objective

Investigation/Study

Sites 1 and 3
Sediment

Assess human health and ecological risks

Characterize nature and extent of sediment

Sediment investigation

associated with exposure to contaminated contamination in drainage ditches. Risk assessment
sediment. Biota Investigation
Determine the extent of sediment Identify extent of sediment contamination where | Sediment investigation

contamination for purposes of identifying
areas of remediation.

levels exceed health based action levels.




TABLE 2-2

SUMMARY OF THE ROUND TWO RI SURFACE SOIL SAMPLING PROGRAM

g

SITES 1 AND 3
NAVAL WEAPONS STATION YORKTOWN
YORKTOWN, VIRGINIA
Sample Sample
Site Identification Interval (bgs) Collection Date Analytical Parameters
Site 1 1SS07 0-6" 01/24/96 TCL Semivolatile Organics, Pesticides/PCBs, Nitramine Compounds, TAL

1SS07D* 0-6" 01/24/96 Inorganics
15808 0-6" 01/24/96
18809 0-6" 01/24/96
1S8S10 0-6" 01/23/96
18511 0-6" 01/23/96
18S12 0-6" 01/23/96
18813 0-6" 01/23/96
18814 0-6" 01/23/96
18S14D* 0-6" 01/23/96
1SS15 0-6" 01/23/96
1S8S16 0-6" 01/23/96
1SS17 0-6" 01/23/96
1SS18 0-6" 01/23/96
1S12A-00 0-6" 01/24/96
1SB13A-00 0-6" 01/23/96
1SB13AD-00* 0-6" 01/23/96
15B18-00 0-6" 01/24/96
1SB19-00 0-6" 01/23/96
18B20-00 0-6" 01/23/96
1SB21-00 0-6" 01/24/96




TABLE 2-2 (Continued)

SUMMARY OF THE ROUND TWO RI SURFACE SOIL SAMPLING PROGRAM
SITES 1 AND 3
NAVAL WEAPONS STATION YORKTOWN

YORKTOWN, VIRGINIA
Sample Sample
Site Identification Interval (bgs) Collection Date Analytical Parameters
Site 3 35504 0-6" TCL Semivolatile Organics, Pesticides/PCBs, Nitramine Compounds, TAL
3S804D* 0-6" 1/26/96 Inorganics, pH
35805 0-6" 1/26/96
38806 0-6" 1/26/96
38807 0-6" 1/26/96
38S08 0-6" 1/26/96
38809 0-6" 1/26/96
38810 0-6" 1/26/96
38811 0-6"
38S11D* 0-6" 1/30/96
38812 0-6" 1/29/96
3SS13 0-6" 1/29/96
38S14 0-6" 1/30/96
3SB08A-00 0-6" 2/8/96
3SB15A-00 0-6" 1/29/96
3SB19A-00 0-6" 1/30/96
Site 3 TCL Semivolatile Organics
Confirmation
Sampling 3SS10A 0-6" 8/26/96
3SBI10B 1.5-2.0" 8/26/96
38S10C 0-6" 8/26/96
38S10D 0-6" 8/26/96
3SS10E 0-6" 8/26/96
3SS10F 0-6" 8/26/96




Notes:
bgs

TAL
TCL

TABLE 2-2 (Continued)

SUMMARY OF THE ROUND TWO RI SURFACE SOIL SAMPLING PROGRAM
SITES 1 AND 3
NAVAL WEAPONS STATION YORKTOWN
YORKTOWN, VIRGINIA

Below ground surface
Indicates duplicate sample
Target Analyte List
Target Compound List



TABLE 2-3

SUMMARY OF THE ROUND TWO RI SUBSURFACE SOIL SAMPLING PROGRAM
SITES1 AND 3
NAVAL WEAPONS STATION YORKTOWN

gizars”

YORKTOWN, VIRGINIA
Sample Sample Interval
Site Identification Collection Date (feet, bgs) Analytical Parameters
Site 1 1SB12A-01 01/24/96 1-3 TCL Volatiles, TCL Semivolatiles, Pesticides/PCBs, Nitramine Compound, TAL
Soil Borings | 1SB12AD-01* 01/24/96 1-3 Inorganics
1SBI2A 01/24/96 15-19 Total Inorganic Carbon, Grain Size (sieve/hydrometer)
1SB13A-01 01/25/96 1-3
1SB13AD-01* 01/25/96 1-3
1SB13A 01/25/96 33-37 Total Organic Carbon, Grain Size (sieve/hydrometer)
1SB19-01 01/23/96 1-3 Total Organic Carbon, Grain Size (sieve/hydrometer)
1SB19-02 01/23/96 3-5
15B20-01 01/23/96 1-3
1SB21-06 01/24/96 11-13
1SB21-09 01/24/96 17-19
Site 3 3SB08A-04 02/08/96 7-9
Soil Borings | 3SB08AD-04* 02/08/96 7-9
3SB08A-09 02/08/96 17-19
3SB15A-08 01/29/96 15-17
3SB15A-12 01/29/96 23-29
3SB19A-07 02/07/96 13-15
3SB19A-14 02/07/96 27-29
Site 1 1TPO1 01/25/96 4-5 TCL Volatile Organics, TCL Semivolatile Organics, Pesticides/PCBs
Test Pits Nitramine Compounds, TAL Inorganics @
1TP0O2 01/25/96 7-8
1TPO3 01/25/96 7-8
1TP04 01/25/96 7-8
1TP04D 01/25/96 7-8
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TABLE 2-3 (Continued)

SUMMARY OF THE ROUND TWO RI SUBSURFACE SOIL SAMPLING PROGRAM
SITES1 AND 3
NAVAL WEAPONS STATION YORKTOWN

YORKTOWN, VIRGINIA
Sample Sample Interval
Site Identification Collection Date (feet, bgs) Analytical Parameters
Site 3 3TPO1 01/26/96 3-4 TCL Volatile Organics, TCL Semivolatile Organics, Pesticide/PCBs, Nitramine
Test Pits Compounds, TAL Inorganics®
3TP02 01/26/96 8-9
3TP02D 01/26/96 3-9
3TP03 01/26/96 3-4
3TP04 01/26/96 34
Notes:
bgs - Below ground surface

TAL -  Target Analyte List

TCL - Target Compound List

TOC - Total Organic Carbon

* - Indicates duplicate sample

M . Analytical Parameters for all Samples




SUMMARY OF WELL CONSTRUCTION DETAILS

TABLE 2-4

SITES1 AND 3
NAVAL WEAPONS STATION YORKTOWN
YORKTOWN, VIRGINIA
Top of PVC Ground Sand Pack
Casing Surface Screen Interval | Bentonite
Elevation Elevation Boring Well Interval Depth Interval Lithology of Hydro-
Date (feet, above (feet, above Depth Depth Depth (feet, Depth Screened geological
Site | Well No. Installed msl) msl) (feet, bgs) | (feet,bgs) (feet, bgs) bgs) (feet, bgs) Interval Unit
1 1GW04 1/7/86 9.45 6.81 17 16.5 1.5-16.5 1.0-16.5 0-0.5 m-f sand to clayey CA
sand
1GWO0S 12/11/85 36.59 34.80 16 15.5 0.5-15.5 0.5-15.5 0-0.5 silty sand to m~f CA
sand
1GW12 6/10/92 45.24 4290 14 14 4-14 3-14 2-3 silty sand CA
IGWI12A 1/26/96 43.34 414 65 64.5 49.5-64.5 46-65 43-46 shelly silt to sandy | CCA/YEA
silt little shells
IGWI12B 1/29/96 41.48 40.70 38 38 28-38 25-38 23-25 shelly silt CCA
1GW13 6/10/92 43.52 40.8 14 14 4-14 3-14 2-3 silty sand CA
IGWI13A 1/28/96 4227 40.3 75 75 60-75 57-75 55-57 sandy silt ,trace CCA/YEA
shells
1GW14 6/9/92 47.98 45.20 15 15 5-15 4-15 3-4 m-f sand to silty CA
sand
1IGW17 6/10/92 41.49 39.1 12 12 2-12 1-12 0.5-1.0 m-f sand to silty CA
v sand
1GW18 1/24/96 49.31 47.1 19 18 3-18 2-19 1-2 m-f sand CA
1GW19 1/23/96 45.96 43.56 15 13 3-13 2-15 1-2 silty fine sand CA
1GW20 1/23/96 27.29 249 i3 10 5-10 3-10 1-3 m-f sand to sandy CA
silt
1GW21 1/24/96 34.15 322 41 40 25-40 22-40 20-22 sandy silt, little CCA
shells




SUMMARY OF WELL CONSTRUCTION DETAILS

TABLE 2-4 (Continued)

SITES1AND 3
NAVAL WEAPONS STATION YORKTOWN
YORKTOWN, VIRGINIA
Top of PVC Ground Sand Pack
Casing Surface Screen Interval | Bentonite
Elevation Elevation Boring Well Interval Depth Interval Lithology of Hydro-
Date (feet, above (feet, above Depth Depth Depth (feet, Depth Screened geological
Site Well No. Installed msl) msl) (feet, bgs) (feet,bgs) (feet, bgs) bgs) (feet, bgs) Interval Unit
Site 11GW11 6/11/92 44.50 41.80 12 12 4-12 3-12 2-3 m-f sand to silty CA
11 sand
1IGWI1A | 6/11/92 4421 412 52 52 46-52 44-52 43-44 silty sand and shells CCA
Site 3GW06 2/13/86 4541 43.10 51 50 35-50 17-51 16-17 sandy silt to silty CCA
3 sand some shells
3IGW07 1/06/86 27.69 24.30 31 31 16-31 13-31 12-13 silty sand to m-f CCA
sand
3GW08 1/07/86 28.78 26.10 32 32 17-32 14-32 13-14 silty sand CCA
3GWO0SA 2/08/96 27.99 25.90 75 75 60-75 57-75 53-57 silty sand, some CCA/YEA
shells
3GW15 6/05/92 31.96 29.50 37 35 20-35 17-35 15-17 shelly clay to silty CCA
sand
3GWISA 1/30/96 3175 29.7 70 70 55-70 52-70 49-52 sandy silt, trace CCA/YEA
shélls
3GW18 6/03/92 48.39 46.2 51 50 35-50 33-50 31-33 silty sand, trace CCA
shells
3GW19 2/07/96 39.51 37.10 45 45 30-45 27-45 23-27 sandy silt to silty CCA
sand, little shells
3GWI19A 2/05/96 39.62 37.30 84 81 66-81 63-81 60-63 silty sand, trace CCA/YEA
shells
Notes:

bgs = Below ground surface

msl = Mean sea level

CA = Columbia Aquifer

CCA = Cornwallis Cave Aquifer
Horizontal positions are referenced to Virginia State Plan Coordinate System.
CCA/YEA = Cornwallis Cave and Yorktown-Eastover Aquifers Combined




TABLE 2-5

SUMMARY OF HYDROPUNCH/TEMPORARY AND PERMANENT MONITORING WELL
GROUNDWATER SAMPLING PROGRAM

SITES1 AND 3
NAVAL WEAPONS STATION YORKTOWN
YORKTOWN, VIRGINIA
Sample
Site Identification Collection Date Analytical Parameters
Site 1 1GW04-01 02/12/96 TCL Volatile Organics, TCL Semivolatile Organics, Nitramine Compounds, TAL
1GW04D-01 02/12/96 Inorganics (total and dissolved), Pesticides/PCBs, Nitrate/Nitrite, TDS/TSS, TKN,
Ammonia

1GW05-01 02/12/96
1GW12-01 02/09/96
1GWI12A-01 02/12/96
1GW12B-01 02/12/96
1GW13-01 02/12/96
1IGW13A-01 02/12/96
1GW13AD-01 02/12/96
1GW14-01 02/08/96
1GW17-01 02/08/96
1GW18-01 02/09/96
1GW19-01 02/09/96
1GW20-01 02/12/96
1GW21-01 02/12/96
1GW11-01 02/12/96
1GW11A-01 02/12/96
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TABLE 2-5 (Continued)

SUMMARY OF HYDROPUNCH/TEMPORARY AND PERMANENT MONITORING WELL
GROUNDWATER SAMPLING PROGRAM

SITES1 AND 3
NAVAL WEAPONS STATION YORKTOWN
YORKTOWN, VIRGINIA
Sample
Site Identification Collection Date Analytical Parameters
Site 3 3GW06-01 02/11/96 TCL Volatile Organics, TCL Semivolatile Organics, Nitramine Compounds, TAL
3GW06D-01 02/11/96 Inorganics (total and dissolved), Pesticides/PCBs, Nitrate/Nitrite, TDS/TSS, TKN,
Ammonia
3GW07-01 02/11/96
3GW08-01 02/11/96
3GWO08A-01 02/12/96
3GW15-01 02/12/96
3GW15A-01 02/11/96
3GW18-01 02/11/96
3GW18D-01 - 02/11/96
3GW19-01 02/11/96
3GWI19A-01 02/11/96
Notes:
* - Indicates duplicate sample
TAL - Target Analyte List
TCL - Target Compound List
TDS - Total dissolved solids
TSS - Total suspended solids

TKN - Total Kjeldahl Nitrogen



TABLE 2-6

SUMMARY OF WATER LEVEL MEASUREMENTS

SITES 1 AND 3
NAVAL WEAPONS STATION YORKTOWN
YORKTOWN, VIRGINIA
Static Water
Level Water Level Static Water Level Water Level
(feet below top Elevation (feet below top of Elevation
Monitoring Well Date of PVC) (feet above msl) Date PVC) (feet above msl)
1GW04 2/12/96 526 4.28 2/14/96 5.14 4.40
1GWO05 2/12/96 2.02 34,57 2/14/96 2.08 34.51
1IGW12 2/12/96 7.09 39.15 2/14/96 7.16 38.08
IGWI2A 2/12/96 30.51 12.83 2/14/96 30.36 12.98
IGW12B 2/12/96 28.34 13.5 2/14/96 28.14 13.70
1GW13 2/12/96 7.04 36.50 2/14/96 7.19 36.33
1IGWI13A 2/12/96 35.39 6.88 2/14/96 35.10 717
1GW14 2/12/96 8.51 39.47 2/14/96 8.45 39.53
1IGW17 2/12/96 4.01 3748 2/14/96 4.09 37.40
1GW18 2/12/96 10.31 39.00 2/14/96 9.24 40.07
1GW19 2/12/96 7.15 38.81 2/14/96 7.18 38.78
1GW20 2/12/96 7.71 19.58 2/14/96 7.63 19.66
1GW21 2/12/96 19.80 14.35 2/14/96 19.71 14.44
11GW11 - 2/12/96 7.05 37.45 2/14/96 7.10 37.40
11IGW11A 2/12/96 25.62 18.59 2/14/96 25.51 18.70
18G01 2/12/96 1.62 0.62 2/14/96 2.00 1.3
18G02 2/12/96 2.67 0.77 2/14/96 1.89 1.55
18G03 2/12/96 2.99 0.24 2/14/96 221 1.02
18SG04 2/12/96 1.72 0.14 2/14/96 1.36 1.02
1SG05 2/12/9¢ - 1.36 38.71 2/14/96 1.34 38.71
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TABLE 2-6 (Continued)

SUMMARY OF WATER LEVEL MEASUREMENTS

SITES 1 AND 3
NAVAL WEAPONS STATION YORKTOWN
YORKTOWN, VIRGINIA
Static Water
Level Water Level Static Water Level Water Level
(feet below top Elevation (feet below top of Elevation
Monitoring Well Date of PVC) (feet above misl) Date PVC) (feet above msl)
3GW06 2/12/96 37.96 7.45 2/14/96 37.81 7.60
3GW07 2/12/96 22.06 5.63 2/14/96 22.02 5.67
3GW08 2/12/96 24.24 4.54 2/14/96 24.16 4.62
3GW08A 2/12/96 23.68 431 2/14/96 23.07 4.92
3GW15 2/12/96 26.66 5.30 2/14/96 26.59 5.37
3IGWISA 2/12/96 24.80 6.95 2/14/96 24.73 7.02
3GW18 2/12/96 37.51 10.88 2/14/96 37.27 11.12
3GW19 2/12/96 34.74 4.77 2/14/96 34.63 4.88
3GWI19A 2/12/96 34.54 5.08 2/14/96 34.39 523
Notes:

ms! = Mean sea level

PVC = Polyvinyl Chloride (pipe)




TABLE 2-7

SUMMARY OF THE ROUND TWO RI SURFACE WATER SAMPLING PROGRAM

SITES 1 AND 3
NAVAL WEAPONS STATION YORKTOWN
YORKTOWN, VIRGINIA
Site Sample Collection Date Analytical Parameters
Sites 1 and 3 1SW15 TCL Volatile Organics, TCL Semivolatile Organics, TAL Inorganics (total and
dissolved), Pesticides/PCBs, Hardness, TOC
1SW16
1SW16D
1SW17

Notes:

TAL -
TCL -
TOC -

Indicates duplicate sample

Target Analyte List
Target Compound List
Total Organic Carbon




TABLE 2-8

SUMMARY OF THE ROUND TWO RI SEDIMENT SAMPLING PROGRAM

SITES 1 AND 3
NAVAL WEAPONS STATION YORKTOWN
YORKTOWN, VIRGINIA
Collection | Sample Interval
Site Sample Identification Date (feet, bgs) Analytical Parameters
Site 9 1SD13-01 0-4 TCL Volatile Organics, TCL Semivolatile Organics, TAL Inorganics,
1SD13-02 4-8 Pesticides/PCBs, pH, TOC, Grain Size
1SD14-01 0-4
1SD14-02 4-8
1SD15-01 0-4
1SD15-02 0-8
1SD16-01 0-4
1SD16D-01 0-4
1SD16-02 4-8
1SD17-01 0-4
Notes:
bgs - Below ground surface
TCL -  Target Compound List
TAL -  Target Analyte List
TOC -  Total Organic Carbon

Indicates duplicate sample
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3.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA

This section presents a summary of information regarding the environmental setting of the Station
including geography, meteorology, surface water hydrology, soil, geology, hydrogeology, land use,
and demography. Additional information on the environmental setting is found in the Summary of

Background Constituent Concentrations and Characterization of the Biotic Community from the

York River Drainage Basin (Baker, 1995).

3.1 General Physiography

WPNSTA Yorktown is located in the southeast portion of Virginia on the York-James Peninsula.

The local terrain is gently rolling and the land is dissected by ravines and stream valleys.

The climate of WPNSTA is maritime with mild winters and long, warm, humid summers.
Prevailing winds are usually from the south-southwest. The average precipitation during the

investigation at Sites 1 and 3 (late January to mid-February) was 5.5 inches.

WPNSTA is situated within two major drainage basins of the York and the James Rivers. Sites 1
and 3 are located adjacent to the southern portion of Indian Field Creek within the York River Basin.
Within the York River Basin, four tributaries (King Creek, Felgates Creek, Indian Field Creek, and

Ballard Creek) drain the northern and eastern portions of the Station.

The general topography of Site 1 is level (near the landfill area) with a slight slope to the east and
more pronounced slopes at the eastern and southern portions of the site toward Indian Field Creek.
Ground surface elevations range from approximately 45 feet above msl at the western portion of the
site near IGW14 to approximately 4 feet above msl at the eastern portion of the site adjacent to
Indian Field Creek. The majority of surface water would also drain toward Indian Field Creek. A
small portion of the surface water recharges the small unfilled sand borrow pit at the northwest
portion of the site between 1GW14 and 1GW17. The water levels within the pond fluctuates

seasonally from a few inches during dry periods to approximately 2 feet during the rainy seasons.

The general topography of Site 3 can be described as hummocky (uneven) with the topographic
highs (46 feet and 37 feet above sea level) near 3GW18 and 3GW19, and topographic lows
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(excluding the areas adjacent to Indian Field Creek) within the landfill (30 feet above msl) and near
3GWO07 at 24 feet above msl. The surface water would flow toward the landfill and the area around
3GW07 and 3GWO08 where surface water was observed to accumulate before infiltration into the
subsurface. Surface water would also flow to Indian Field Creek from the topographic high near

3GW19 and two drainageways to the east and west of this location.

3.2 Geology

The following sections contain a summary of the regional geology of WPNSTA Yorktown and the
site-specific geology of Sites 1 and 3. Additional details on the regional geology are found in the

Background Report (Baker, 1995).

3.2.1 Regional Geology

The Atlantic Coastal Plain physiographic province is underlain by unconsolidated sediments of
Quaternary, Tertiary, and Cretaceous ages (see Figures 3-1 and 3-2) that dip gently to the southeast
and have a combined thickness of approximately 1,900 feet in the vicinity of WPNSTA Yorktown
(Teifke, 1973).

Most of the surficial unconsolidated sediments at WPNSTA Yorktown have been mapped as the
Windsor Formation of the Pleistocene series (Johnson, 1972; Mixon et al., 1989a). This formation
is composed of a series of sand and silt deposited in marine and estuarine environments. Its
thickness is estimated to vary from 0- to 40-feet at WPNSTA Yorktown. The Bacons Castle
Formation of Pliocene age underlies the Windsor Formation and is described as a clayey silt and
silty fine-grained sand. The unit rests unconformably on the weathered top of the Upper Yorktown
Formation, also of Pliocene age. The presence of calcite-cemented shells and shell fragments is
characteristic of the upper portion of the Yorktown Formation. This type of lithology was
encountered during the Station Background Investigation (Baker, 1995) and during this

investigation.
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3.2.2 Sites 1 and 3 Geology

Nine soil borings were advanced within the vicinity of Sites 1 and 3 to characterize the subsurface
soil conditions, collect soil samples for laboratory analysis, collect groundwater samples, and for
monitoring well installation. In general, the site is underlain by unconsolidated deposits of coarse
to fine-grained sand with silt, silt and clay, and sand, silt, and marine shells. These findings were
consistent with subsurface soil data from the thirteen existing soil borings for monitoring wells
completed by Dames & Moore during Round One of the Confirmation Study at WPNSTA Yorktown
(Dames & Moore, 1986) and by Roy F. Weston for the Round One RI (Baker, 1992).

The surficial strata at Sites 1 and 3 are generally characterized by medium to fine grained sands with
varying amounts of silt and trace amounts of clay and gravel. These deposits make up the surficial
aquifer (Columbia) at Site 1, but this hydrogeological unit is absent at Site 3 although the deposits
are similar in nature. This is consistent with the hydrogeology described by Weston during the
Round One RI. Underlying this strata are cohesive deposits of silts and clays that act as a
confining/semiconfining unit and is the equivalent of the Cornwallis Cave confining unit. A
composite sample (ISBRA) collected from 15- to 19-feet bgs within the Cornwallis Cave confining
unit was analyzed for grain size. A hydraulic conductivity of 7.7 x 10 ft/day was calculated from
the grain size results and is presented at the end of Appendix 3A. Underlying these deposits, a
stratum containing sand, silt, and marine shell fragments (Cornwallis Cave aquifer) was
encountered. This unit is the lower confined aquifer at Site 1, but is the surficial aquifer at Site 3.
This unit becomes slightly coarser grained with depth becoming more sandy with a smaller
percentage of shell fragments resembling the Yorktown-Eastover aquifer. In addition, the thickness
of the strata is greater than the descriptions previously noted during past Baker field investigations.
This is an example of where the Yorktown confining unit is absent (possibly eroded by the York
River) and the two hydrogeological units (Cornwallis Cave and Yorktown-Eastover aquifers)
combine into a single aquifer. These units were consistent with descriptions of the Columbia
aquifer, Cornwallis Cave confining unit, and the Cornwallis Cave, and the Yorktown-Eastover
aquifer (undivided) as defined by Brockman and Richardson (1992). The Test Boring Records are
provided in Appendix 2A.

Cross-sections depicting the subsurface geologic conditions underlying the site were developed

based on information obtained during the drilling program. As shown on Figure 3-3, four
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cross-sections at the site were traversed. In general, cross-section A to A' (Site 1, Figure 3-4)
traverse northwest to southeast, cross-section B to B' (Sites 1 and 3, Figure 3-5) traverse southwest
to northeast, cross-section C to C' (Site 3, Figure 3-6) traverse south to northeast, and cross-section

D to D' (Sites 1 and 3, Figure 3-7) traverse north to south.

During the field investigation, eight thin-walled (Shelby) tube samples were collected within two
soil borings at Site 1 and within the landfill caps at both sites. The samples were analyzed for grain
size (sieve/hydrometer), Atterberg limits, hydraulic conductivity, moisture content, specific gravity,

pH and Eh.

One shelby tube sample was collected at 1SB/GW12 at a depth of 63 to 65 feet bgs. The sample was
collected within a discontinuous semiconfining layer of very fine grained sand and silt. The test
results classified (via the Unified Soil Classification System) the soil as SM, fine grained silty sand.
The hydraulic conductivity of the sample could not be was determined through physical testing due
to the granular nature of the sample but it was estimated to be within the range of 10° to 10°

centimeters per second (cm/sec) or 10 to 10! ft/day. This is the range of hydraulic conductivities
for silty sand deposits determined by Fetter (1988). The second shelby tube sample was collected
at 1SB/GW13A ata depth of 11 to 13 feet bgs. The sample was collected within the Cornwallis Cave
confining unit below the Columbia aquifer. The test results classified the soil as CH, inorganic clays
of high plasticity. The hydraulic conductivity of the sample was determined to be 7.5 x 10 cm/sec
(2.1 x 10* ft/day) which is within the range of hydraulic conductivity for marine clay (Fetter, 1988).

Results of the remaining shelby tube samples classify the soil cag at the Site 1 landfill ranﬁingffrom

silty sand (SM) to clayey sand (SC) with the hydraulic conductivity ranging from 1.0 x 10 *cm/sec
to 9.4 x 10 7 cm/sec (10 ft/day to 2.7 x 107 ft/day). The soil cap at the Site 3 landfill ranged in
classification clayey sands (SC) to clay (CH) with hydraulic conductivities ranging from 1.3 x 10°¢
cm/sec to 1.9 x 10 7 em/sec (3.7 x 107? ft/day to 5.4 x 10™ ft/day).

Test results for all the shelby tube samples are presented in Appendix 3A.
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3.3  Hydrogeology

3.3.1 WPNSTA Yorktown

The following section summarizes the hydrogeology of the Station. Additional hydrogeological

details are found in the Background Report (Baker, 1995).

The Atlantic Coastal Plain sediments are the most important source of potable water in the region.
Recharge to the groundwater system is derived from precipitation. Approximately 50 percent of the
precipitation is lost to evapotranspiration. The remaining 50 percent either results in surface runoff

or infiltrates and is introduced into the groundwater regime. Recharge of aquifers may occur at the

; o .

The shallow aquifer system in York County is comprised of the following seven units: (1) the

undivided York County shallow aquifer system, (2) the Columbia aquifer, (3) the Cornwallis Cave
confining unit, (4) the Cornwallis Cave aquifer, (5) the Yorktown confining unit, (6) the Yorktown-
Eastover aquifer, and (7) the Eastover-Calvert confining unit (Brockman and Richardson, 1992).

These hydrogeologic units and their relation to the geologic units are listed in Figure 3-1.

The undivided York County shallow aquifer system exists where one or more of the confining units
commonly present in other areas of the county is absent (typically adjacent to the York River), and
two or more aquifers form one hydraulic unit. The Columbia aquifer consists of sandy deposits
which exist under unconfined (water table) conditions. Clayey or silty sediments typically comprise
the Cornwallis Cave confining unit which underlie the Columbia aquifer. Most of the county is
underlain by this aquifer and confining unit, but the units are missing in areas of western and west-
central York county and in a narrow band along the York River. The Cornwallis Cave aquifer
consists of sandy and shelly sediments and is defined by the water table (where unconfined). This
unit is usually distinguished by the shelly deposits of the Yorktown Formation. The Yorktown
confining unit which underlies the Cornwallis Cave aquifer is comprised of clays and silts and is
usually distinguishable by its dark greenish gray color. The Yorktown-Eastover aquifer underlies
the Yorktown confining unit, which is comprised of sandy and shelly sediments which is typically

confined, but locally may be unconfined (e.g., adjacent to the York River, provides the source of
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water for some of the domestic supply wells in the county. The basal unit within the York County

shallow aquifer system is the Eastover-Calvert confining unit, which consists of silt and clay.
3.3.2 Site Hydrogeology

As described in Section 3.2, the shallow subsurface portion of the site is characterized by
unconsolidated deposits of medium to fine grained sand, clayey silt, silt with marine shell fragments,
and fine-grained sand which is generally consistent with the shallow hydrogeological framework
described by Brockman and Richardson (1992). Collectively, these units form the shallow aquifer
system at Sites 1 and 3 and correspond to the Columbia aquifer, Cornwallis Cave confining unit, and
Cornwallis Cave/Y orktown-Eastover aquifer. Labeling of the lower hydrogeological unit at Site 1
and the surficial hydrogeological unit at Site 3 the Cornwallis Cave/Y orktown-Eastover aquifer is
not accepted geological nomenclature. This unit was labeled the Cornwallis Cave/Yorktown-
Eastover aquifer for the purposes of this report to describe a variation of the lower hydrogeological
units of the Yorktown shallow aquifer system (Cornwallis Cave aquifer, Yorktown confining unit
and the Yorktown-Eastover aquifer) where the Yorktown confining unit appears to be eroded
combining the two lower aquifers. Therefore, to collectively describe the thicker unit both aquifer

names were used. The Columbia aquifer is present at Site 1 but is absent at Site 3.

The monitoring wells installed (previously and currently) within the Columbia aquifer at Site 1 and
the vicinity are IGW04, 1IGW05, 1GW13, 1IGW14, 1IGW17, 1IGW18, 1IGW19, 1IGW20 and
11GW11. These wells ranged in depth from 10-feet bgs (11GW11) to 18-feet bgs (1IGW18) and
were screened within deposits of silty sand to medium to fine grained sand. Five monitoring wells
(IGW12A, 1GWI12B, 1IGWI13A, 1GW21, and 11GW11A ) were installed at the site within the
deeper confined (Cornwallis Cave/Y orktown-Eastover) aquifer, which consisted of sand, silt, and
marine shell fragments. These monitoring wells ranged in depth from 38-feet bgs (1IGW12B) to
75-feet bgs (IGW13A). A summary of well construction details is presented on Table 2-4.
Groundwater level measurements were obtained from the existing and newly installed monitoring

wells throughout the investigation. These data are presented on Table 2-6.
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undivided Cornwallis Cave/Y orktown-Eastover aquifer which consisted of sand, silts, clays, and

marine shell fragments. The wells were set within the upper portion of the aquifer and the lower
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portion of the aquifer. The depths ranged 30-feet bgs (3GW06) to 81-feet bgs BGW19A) and were
similar to the depths of the deep monitoring wells at Site 1. A summary of well construction details
is presented on Table 2-4. During the drilling program, groundwater was encountered at
approximately 25- to 32-feet bgs. Groundwater level measurements were obtained from the
existing and newly installed monitoring wells throughout the investigation. These data are presented

on Table 2-6.

Potentiometric surface (contour) maps depicting the horizontal groundwater flow patterns within the
shallow aquifer at Site 1 and the surficial portion of the aquifer at Site 3 on February 14, 1996 are
presented on Figures 3-8 and 3-9 respectively. As shown on these figures, groundwater flow for
both sites is toward Indian Field Creek with the flow at Site 1 to the south and east, and the flow at
Site 3 to the northeast. Potentiometric surface maps were also generated for the deeper confined
aquifers at Site 1 and the deeper portions of the aquifer at Site 3. These potentiometric surface maps
are presented on Figures 3-10 and 3-11 which show the horizontal groundwater flow is to the east

(towards the York River) at Site 1 and toward the northeast at Site 3.

In addition to the horizontal groundwater flow, the vertical flow potential was evaluated and is
presented on the cross-section Figures 3-4 through 3-7. As presented on Figure 3-4, the groundwater
flow in the Columbia aquifer trends downward toward the Cornwallis Cave confining unit.
Summation of the horizontal and vertical groundwater flow components suggest that groundwater
flows to the surficial soil on the side of the ravine and migrates to the intermittent creek that

discharges toward Indian Field Creek.

Figures 3-4 through 3-7 present the vertical flow potential of the Cornwallis Cave/Yorktown-
Eastover aquifer. The upper portions of the aquifer appear to be discharging locally intc Indian
Field Creek. Figures 3-4 and 3-6 show an upward flow potential toward the creek. At depth, the
vertical flow potential changes direction. This is an indication of a separate, regional groundwater

flow regime, with discharge to the York River.

In-situ hydraulic conductivity ("slug") tests were performed on February 14, 1996 in monitoring
wells IGW18, IGW19, IGWI12A and 3GW19A. These monitoring wells were selected to collect
conductivity data from the newly installed wells. These data were combined with the hydraulic

conductivity data from the Round One RI to get an average hydraulic conductivity for the water
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bearing units at the sites. The static water levels for monitoring wells 1IGW18 and IGW19 were
below the top of the screen. Therefore, only rising head test data were used to estimate the specific
hydraulic conductivities for these shallow (Type II) monitoring well (Bower, 1989). Falling and
rising head tests were conducted in two deep (Type III) monitoring wells where the static water level
encompassed the entire screen section. Specific testing procedures are outlined in Section 4.4.9 of

the Master FSP for Naval Weapons Station Yorktown (Baker, 1994).

The field data were evaluated using the Geraghty and Miller aquifer test solver (AQTESOLV)
program. The shallow (Type II) monitoring well data were evaluated using the Bouwer and Rice
(1976) method for unconfined aquifers. The hydraulic conductivities obtained during the Round Two
investigation were similar to the Round One conductivity data, therefore, the previous Round One
conductivity data was used to determine the average hydraulic conductivity for the shallow water-
bearing zone at Site 1. The average hydraulic conductivity for the Columbia aquifer at Site 1 is 4.17
feet per day (ft/day) or 1.47 x 10 cm/sec. The results of the hydraulic conductivity tests are
summarized on Table 3-1. These values are within the range of hydraulic conductivities for silty

sand deposits (Fetter, 1988).

The average hydraulic conductivity (determined by R.F. Weston during the Round One RI) for the
shallow portion of the Cornwallis Cave/Y orktown-Eastover aquifer at Site 3 is 4.7 x 107! fi/day or
1.66 x 10™* cm/sec. The results of the hydraulic conductivity tests are summarized on Table 3-1.

These values are within the range of hydraulic conductivities for silty sand deposits (Fetter, 1988).

The deep (Type III) monitoring well data were evaluated using the Bouwer and Rice (1976)
and Cooper et al methods for a confined aquifer. The average hydraulic conductivity for the
Cornwallis Cave/Y orktown-Eastover aquifer at the site is 4.21 x 10! ft/day or 1.49 x 10~ cm/sec.
The results of the hydraulic conductivity tests are summarized on Table 3-1. These values are
within the range of hydraulic conductivities for silty sand and sandy silt deposits (Fetter, 1988).
A copy of the field data and AQTESOLYV results are provided in Appendix 3B.

The groundwater gradients for both the Columbia (shallow) and the Cornwallis
Cave/Yorktown-Eastover aquifer (deeper portion) were calculated from the February 14, 1996
groundwater level data. The average groundwater gradient for the Columbia aquifer (Site 1) was

calculated at 8.3 x 10 feet/feet. The groundwater gradient for shallow portion the Cornwallis
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Cave/Y orktown-Eastover aquifer (Site 3) calculated by Weston during the Round One RI is 2.0 x
1072 feet/feet. The groundwater gradient for the deep portion of the Cornwallis Cave/Y orktown
Eastover aquifer at Site 1 is 9.9 x 107° ft/ft. A gradient of 1.6 x 10~ ft/ft was calculated for the deep

portion of the Cornwallis Cave/Y orktown-Eastover aquifer at Site 3.

Using the average groundwater gradient and average hydraulic conductivity determined for each
water-bearing zone (Cornwallis Cave and Yorktown-Eastover Aquifers), the average groundwater

flow velocity can be estimated using a variation of Darcy's equation:
V =Ki/N,

where: V = estimated groundwater flow velocity
K = hydraulic conductivity
i = hydraulic gradient

N, = average effective porosity, as a decimal fraction

The hydraulic conductivity of the Columbia Aquifer was determined using an average K of 4.17
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and an estimated effective porosity for silty sand of 0.30 (Fetter, 1988). The average groundwater

flow velocity is 1.15 ft/day.

The average groundwater flow velocity of the shallow portion of Cornwallis
Cave/Y orktown-Eastover Aquifer (Site 3) is 4.7 x 10" ft/day. This was determined using an average
K of 8.3 ft/day, a groundwater gradient of 2.0 x 107 feet/feet, and an estimated effective porosity
for silty sand of 0.35 (Fetter, 1988).

The average groundwater flow velocity of the deeper portion of Cornwallis Cave/Y orktown-
Eastover Aquifer at Site 1 is 1.2 x 107 ft/day. This was determined using an average K of 4.21 x 10!
ft/day, a groundwater gradient of 9.9 x 10° feet/feet, and an estimated effective porosity for silty
sand of 0.35 (Fetter, 1988).

. The average flow velocity of the deeper portion of the Cornwallis Cave/Y orktown-Eastover aquifer

at Site'3 is 1.9 x 102 ft/day. This flow velocity was calculated using an average K of
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421 x 10! fi/day, a groundwater gradient of 1.6 x 102 ft/ft, and an estimated effective porosity for
silty sand of 0.35 (Fetter, 1988).

34 Land Use and Demography

Sites 1 and 3 are within the restricted area and are secured with locked gates. In addition, the sites
are located inside an area encumbered by the Explosive Safety Quantity Distance (ESQD) and
cannot be developed for real estate purposes. Currently there are no activities at either sites although
WPNSTA personnel may hunt on the property during deer hunting season. Site 1 is mostly an open

field surrounded by wooded areas and Site 3 is entirely wooded.
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TABLE 3-1

SUMMARY OF WATER LEVEL MEASUREMENTS

SITES1 AND 3
NAVAL WEAPONS STATION YORKTOWN
YORKTOWN, VIRGINIA
Hydraulic Conductivity
Monitoring Well (ft/day) Lithology of Screened Interval
1GW04® 5.5 Medium to fine SAND to clayey SAND
1GWO05® - 051 Sandy SILT to clayey SILT
1IGW120 2.1 Silty SAND
IGW12A® 9.60 x 10 Sandy SILT, little shell fragments
1IGW13® 1.1 Silty SAND
1GW140 1.7 Medium to fine SAND, some silt
1GW17® 8.8 Coarse to fine SAND to silty SAND
1GW18®@ 8.35 Medium to fine SAND, little silt
1IGW19@ 5.33 Medium to fine SAND, little silt
3GWo6WM 5.5 Coarse to fine SAND
3GWO07W 1.7 Silty SAND
3GW08® 10 Silty SAND
3GW18®W 16 Shelly SAND
3GWI19A® 7.46 x 10! Silty SAND, trace shell fragments

Notes:

Hydraulic conductivity average for the Columbia aquifer at Site 1
4.17 ft/day

Hydraulic conductivity average for the shallow portion of the Cornwallis Cave/Y orktown-Eastover aquifer at Site 3:
4,7 x 107 ft/day

Hydraulic conductivity average for the deep portion of the Cornwallis Cave/Yorktown-Eastover aquifer at Sites 1 and 3
421 x 10" ft/day

) Hydraulic conductivity determined by R.F. Weston during the Round One RI
@ Type Il monitoring wells screened within the Columbia aquifer
®  Type Il monitoring wells screened within the Yorktown-Eastover aquifer
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